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PREFACE 


The summer of 1963 witnessed a new programme introduced in 
country in the area of science education. This was the four summer 
institutes organized bv the Univcisity Grants Commission, the Na¬ 
tional Council of Educational Research and Training and the United 
States Agency for International Development as a co-operative venture 
to improve science teaching at the secondary school level, Over the 
last seven years, the new expeument has been going on in the United 
States to develop impiovcd new science materials in physics, chemis¬ 
try, biology and mathematics with the help of a co-operative com¬ 
mittee of university scientists, school tcacheis and educatois These 
materials represent a tremendous investment in terms of time of scien¬ 
tists and educators to remove the obsolescence from science instruction 
in schools, and to make it vital. The committee which developed these 
mateiials in the U.S A. had approximately equal numbers of university 
scientists and secondary school teachers The hook on Physics brought 
out by Physical Science Study Committee is an illustration of the type 
of work carried out by these workers, Along with the textbooks have 
also been developed teachers guides, students manuals, experimental 
kits and supplementary material The National Council of Educational 
Rescarcli and Tiaining has aheady reprinted the book, Physics as a 
cheap edition to bung it within the reach of the ordinary school 
teacher in India The Teachers Resource Books (m four volumes) 
and the Students Laboratory Guide accompanying this book are also 
being reprinted and arc expected to be available to science teachers 
very shoitly. 

These new materials developed with such investment of tunc and 
effort indicate a new lcvolution in science teaching and learning, With 
the growth of scientific knowledge at a tremendous pace and the grow¬ 
ing dependence of a countiy's welfaie on its scientific and technologi¬ 
cal progress, it has become exceedingly important to inject new life 



into the science instruction in our schools and to raise it to a standard 
commensurate with the new technological age. It is obviously impos¬ 
sible to impart to the young the load of information that scientific dis¬ 
coveries arc unfolding; what is essential is to give the student the ba¬ 
sic and fundamental knowledge and skills which will inculcate the 
scientific attitude and the capacity to delve deeper into science, 

The Council has been engaging itself during the past two years in 
several significant programmes to improve science education at all 
levels of school education. The major focus in any programme of 
educational improvement is the teacher and this applies with increas¬ 
ed emphasis to the science teacher Therefore, in any venture to usher 
in a new area of science education m our schools, it becomes impera¬ 
tive to orient the science teacher to new materials and approaches. 
During this summer, therefore, m collaboration with the University 
Grants Commission and the US AID, the Council undertook to orga¬ 
nize four summer institutes in selected universities of India, one for 
each of the subjects, physics, chemistry', biology and mathematics, to 
acquaint the teacher with the new programmes developed in the USA 
and to see to what extent they could be used in our school. The 
US AID gave technical assistance in the foim of visiting American 
Consultants who had been associated with the various Study Groups 
They also provided books, experimental kits and films. The enthus¬ 
iasm with which the new approaches and materials were received by 
the participants of the institutes indicate how much of the content, 
new methods of enquiry and new methods of evaluation used in these 
programmes could well be incorporated in our own secondary school 
programme. 

Since the success of any new educational programme depends upon 
the measure in which it is received by the State Departments of Edu¬ 
cation, it was considered desirable to utilize the presence of State Edu¬ 
cation Secretaries at New Delhi in the last week of June to discuss this 
new experiment of Summer Institutes and their significance for the 
future of science education in the country. Therefore, a session was 
kept apart on the 29th of June, 1963, for discussing the subject. The 
Directors of the four Institutes and the visiting American Consultants 
were invited to participate. Dr. D. S. Kothari, Chairman, University 
Grants Commission, who has always evinced great interest in science 
education at all levels, was kind enough to participate in the day’s dis¬ 
cussions and give his valuable suggestions on the further steps to be 
taken to improve science education in the schools. 

The Directors of the Institutes and the visiting scientists present-' 1 
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eel a first-hand report of the programme as tried out m the Institutes, 
their assessment of the Institutes, the materials used and their sugges¬ 
tions for further measures, Working papers were distributed to the 
participants and much of the material in these working papas has 
been incorporated in Parts I and II of this report. Books and 
selected experimental kits used in the Institutes were displayed 
at the time of the session The PSSC's publication Phy sics 
which had been lepnnted by the Council and the all-India General 
Science Syllabus recently brought out by the Council were on sale 
The Combined Book Exhibition of science books received as gift by 
the National Council of Educational Research and Training fiom 
the Asia Foundation was also on display 

It is now proposed to expand the programme of Summer Institutes 
to a large number of universities next year, so that more tcacheis may 
participate and benefit by the experience. Panels of scientists appoint¬ 
ed by the National Council are already working on developing new 
science books on physics, chemistry, biology, and mathematics. 
These books and the syllabii on which ihey arc based will have In be 
brought to the notice of science teachers in our schools. The (Coun¬ 
cil in collaboration with the University Grants Commission is, there¬ 
fore, proposing to expand this programme of Summer Institutes in gra¬ 
dually increasing numbers until it is hoped that, at a aoL too distant 
date, summer courses for science teachers will become an accepted 
programme in almost every university. In no other way is it possible 
to keep our science teachers sharpened to the latest advancement m 
science and methods of science teaching. 

This report has been compiled in the hope that the significant 
features of this new experiment will be brought to the notice of 
those interested in the improvement of science in the country. It will 
also provide material in organizing future Summer Institutes. The re¬ 
port is divided into four parts. Part one gives an account of the studies 
earned out in the USA to develop the new materials in physics, che¬ 
mistry, biology and mathematics The second pari deals with the 
Summer Institute programme of 1963 conducted in India The repoit 
of each Institute by its Director is followed by an evaluation of the 
Institute by the Coordinating Committee, the visiting scientist and the 
participants. Part three gives a resume of the Conference of Educa¬ 
tion Secretaries who discussed this programme. In part four are ap¬ 
pended reference materials used in these Institutes and Llic names of 
participants of the four Institutes. 

Dr. Kothari in his remarks to the conference suggested that selected 



schools should be released from the rigidity of the examination system 
and a frozen curriculum in Older to enable them to try new experi¬ 
mental approaches and new materials. The Education Secretaries 
welcomed this idea. Without such an experimental attitude it is 
almost impossible to cut new ground in educational method. We 
are confident that the enthusiasm generated by this year’s programme 
will he augmented and maintained by further efforts in the future. 


New Delhi 
August 1,1963 


Raja Roy Singh 
Joint Director 
NCERT 
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NEW CURRICULA IN SCIENCE EDUCATION 




THE CURRENT REVOLUTION IN 
SCIENCE TEACHING IN AMERICA 

N E. BINGHAM* 


The Scientific Revolution 

The scientific revolution, which lias been going on for some 300 
years at an ever accelerating pace, has within the past few decides 
moved at such a staggering rate that a revolution in science teaching 
became inevitable The woild’s fund of tested knowledge has been 
increasing so rapidly, that without the means of keeping up to elate, a 
science teacher would, m a few years, become noticeably out of date, 
and in a decade or so his fund of knowledge could become 
completely obsolete As Robcit Oppcnheimci has said, most of whal 
is now known was not in any book when most of 11 s wcic m school 
A consequence of this rapid obsolescence is that any science UmcIici 
who is worth his salt has to be continually studying, and what he tea 
ches changes markedly from ycai to ycai. 

Science Teaching in the Twenties and Thiitics 

As early as the nineteen-twenties, science educators became aware 
of the rapid expansion of knowledge General science and 
geneial biology were introduced into the schools 111 place 
of the more specific disciplines in an cfl'ort to make all students awaie 
of the nature and extent of science, and to give them cxpcncncc, at an 
introductory level, working the way a scientist woiks Pioblcm sii na¬ 
tions were designed to make the students speculate rcgaiding their so¬ 
lution and plan laboratory activities to tesl these speculations. Is Units 
were made to habituate the approach of science in the solution of 
pioblems of the natural sciences, paiticukiily, those that minify wide¬ 
ly m human welfare, The general education appioach to the leach 
ing of the sciences was extended to the beginning college piogmmme 
and is even today the basis for many of the courses 111 the physical 
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sciences and in the biological sciences offered to college freshmen and 
sophomores 

Expansion of Textbooks 

Pcihaps in a losing effort to keep up with the expanding fronts 
of science, the general science and biology textbooks, and also the 
physics and chemistry textbooks became thicker and thicker, More 
and more of the findings and the applications of science were included 
and less and less of the approach of science As the years went by, 
these high school texts consisted increasingly of unqualified, positive, 
expository statements of facts, which facts were to be memorized. 
Also, recognizing the need of everyone for science, the content tended 
to be chosen m terms of the use the learner could make of the facts 
to be learned—for example, the science books became filled with all 
kinds of practical applications of science related to industry, agricul¬ 
ture, transportation, gadgets in the home, and the control of pests 
and diseases 

Similarly, the tests used to evaluate a student’s mastery of his 
work tended more and more to test the memorization of facts, the 
new vocabulary, and the applications of science rather than any under¬ 
standing of how the facts wcie determined, or to what extent these 
facts are valid. 

But these frantic efforts were of little avail, for the fionts of 
scientific knowledge continued to expand at an ever increasing rate, 
and information memorized without understanding was quickly 
forgotten. 

Understanding of How Facts Are Acquired 

Memorized facts, often unrelated to an understanding of the 
procedures by which they were obtained, are of little value in new 
situations. For a student to effectively use facts in interpreting the 
everyday happenings of life, or in moving toward a higher level of 
understanding, he must know and appreciate how these facts 
originated. 

Time for a Revolution in Science Teaching 

Obviously, a revolution in science teaching was in order. That 
revolution has come and we are right now in the middle of it. 
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The new programmes will be taught so that students may live 
as scientists while gaming first an intuitive grasp, and later a moic 
precise grasp of the basic pattern or sliuctuic of the sciences they 
aic studying. They will use the laboiatory to an inciensing extent 
and much of what they will do in the laboratoiy will lie invcsligaloiy 
rather than just illustrative in nature Emphasis will be placed upon 
thinking rather than upon the memorization of conclusions Students 
will be tested, among other things, upon a discernment of the doubts 
and incompleteness of science as well as upon the established facts, 
upon the hypothetical nature of conclusions, upon the interpretation 
of experimental results, upon the ability to formulate hypotheses to 
account for observations and upon the ability to devise experiments 
to test the validity of hypotheses 

Development of the New Programmes 

The development of mateiials in each of the new piograinmcs 
was a cooperative effort in which Univcisity piofcssors and tojvfliglit 
scientists worked closely with top-flight science teachers. Writing 
was a joint venture Scientists and science teachers sal around a con¬ 
ference table and logcthei planned what mateiials were needed and 
how these materials should be prepared The scientists did most of 
the actual writing, but m every case these maLciials were carefully 
read and criticized by the science teachcis In most cases, the original 
draft was worked over several times. 

Then these materials wcic tried out m the schools under the 
guidance of the science teachers who helped develop them. Changes 
were made in the light of the success m the classroom The materials 
written in each programme went through from three to four revisions 
in the light of experience gained with many thousands of high school 
students. The programme effectively combined development and 
research. 

As the materials were tried with an increasing number of Students, 
teachers had to be trained to use the new mateiials. Summer Institutes 
were organized—science teachers came to these institutes, studied the 
new mateiials and approaches, did the laboratoiy woik that the stu¬ 
dents would be doing. They learned how to conduct an mvcstigatoiy 
laboratoiy. They learned of the new developments m then particular 
science. They learned to teach science by themselves living as 
scientists. In this way they learned to teach science by having their 
students act as scientists. 
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The new progiamnics have gone through a rapid developmental 
stage As a result what is being taught in the science classes in 
America lias been up-dated from Llinly to fifLv ycais High school 
students aie now aware of what iL is that scientists aic now doing 
Piovision has been made to rcwoik these piogiammcs about cveiy 
three years In this way what is taughl in the schools will be in line 
with what is currently happening. 



THE PHYSICAL SCIENCE STUDY COMMITTEE 
PROGRAMME IN PHYSICS : 


The PSSC Course 

The PSSC course consists of tour closely mlciconnected pails 
Pait I is a general introduction to the fundamental physical notations 
of time, space, and matter how \vc grasp and how \vc measure them. 
As the student learns of the almost boundless range of dimensions 
from the immensely large to the infinitesimally small, from micro¬ 
seconds to billions of yeais, lie finds out bow these magnitudes can 
be measured He learns that instruments sene as an extension of lus 
senses, Laboiatory expeiicncc shows how we first mcusuic by direct 
counting and then extend our mngc of measurements by calibiatmg 
and using simple instruments such as stroboscopes or ungc fmdcis 

From these experiments measuring time and space, the student 
moves to an understanding of velocity and acceleration, of vectors and 
of relative motion ITc then goes on to study matlci, which we see 
moving tluough space in the course of time In this fust examination 
of matter, we develop the concepts of mass and of Us conservation 
We then use the evidence of physicists and chemists to find that 
matter is made of relatively few kinds of atoms. Direct expeiicncc 
is provided m the laboratory. Theic, for instance, the .students com¬ 
pute the size of a molecule fiom mcasuicuicnts of tjiin films of oil. 
Moving pictures extend this direct laboratory experience by showing 
experiments which arc beyond the reach of students 

Throughout, the student is led to realize that physics is a single 
subject of study In particular, lime, space, and inaltci cannot be 
separated Furthermore, he sees that physics is a developing subject, 
and that this development is the imaginative work of men and women 
like him 

The topics in the PSSC comse arc selected and ordered to pio- 
giess from the simple and familial to the moic subtle ideas of modern 
atomic physics. In Part I we have looked at a broad pictmc of the 
universe Now as we examine certain fields of physics in more detail, 
we start in Part II with light. We live by light, and the studenl 
moves easily into the study of sharp and diffuse shadows, reflection 

* Excerpts from preface to the PSSC textbook. 
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in minors, and the refraction of light at optical boundaiies The 
thmrv ^development of the subject leads us to develop a part.cle 
y (or model) of light Its discussion illustrates repeatedly the 

films—f 111 W Tn Y aH SC1CntlflC develops 4m' 

ms foi instance, the film on the prcssuic of light-help the student 
to go beyond the laboratory b 1 Stl,t,Cnt 

an , riT? S T tmy lhc l )lirLicle ™°dd proves inadequate 
T p d „ h , e st “ dent finds that wc need another modcl-a wave model’ 
The laboratory again provides an unexcelled souicc of experience m l 

“ie offe " ° f " 1,agCS by ta " ■ ■**. cl the 

the toemafe*of om w“ Id, whe“"hm'ho^f C T l ph8 * is 18 0,1 

educated guess with which he lunmed gravitatl01 h Newton’s 

to the law of gravitS Son " *“ W ” Ws ° f 

duced of ener £y are intro- 

These laws form a substantial portion oT Part m 0 ™*? 17 eX P loKllion 
use in situations where detm’Wl nk * ^ n J’ and we stress their 
possible, as in Cb^^^T° a ° f the motion is uot 
theory of g asC s 0Very ° f the neutr ™ in the kinetic 

the physics of t ” C ) ]cc [ uclLy and tlnough it to 

dynamics gained in Fait III. 4°^° ° f 

then proceed to a quantitative studvnf t/ qua]ltaLlve observations, 

We learn how to nmasui^S^c £ oT 
electric charge comes m natural units W^rt M dlSCOver that 
of charged particles in electnc fields and 1 1 i Cn Stuc ty ni °tion 
masses of electrons and protons. am 10W to detc rmine the 
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Next comes a discussion of magnetic fields produced by magnets 
and curients, and a discussion of the forces they exeit on moving 
charges As a final part of electricity we discuss the induction laws 
and give the student a qualitative feeling for the electromagnetic 
nature of light Many of the fundamental ideas are cxploicd in the 
laboratory— Coulomb’s law, the magnetic field around a cuiicnt, the 
force exeited by a magnetic field on a cuncnt-cairying wire arc 
examples 

Now the knowledge gamed is used on a large scale to piobc the 
structure of atoms Following the work of Rutherford, a nuclear 
model of the atom is established But some questions arc unanswered 
Why, for example, is such an atom stable? Why doesn’t it collapse 
by emitting light? In searching for the answer, wc discover that light 
is both grainy and wavy Furthermore, it is found that although 
matter bahaves like particles in some respect, it also behaves like waves 
By combining both properties, we can understand the hydrogen atom 
and the structure of its energy levels In this pait of the course, be¬ 
cause direct experimentation becomes harder and more expensive, 
films bring to the student such experiments as the Millikan expemnent 
and the interference of photons. At the end of the course wc have ar 
rived al a modem model of atoms. 

Laboratory Apparatus and Filins 

It was initially the intention of the PSSC to develop laboraloiy 
apparatus which might be constructed by the student from materials 
which were generally available at Ins school shop or at home Upon 
trial, however, it was discovered that the savings in money did not 
compensate for the additional burden this cast upon the teacher 
Apparatus is now manufactured commercially and supplied in kit 
form, the primary task of the PSSC was to provrde designs which 
made it possible to set the price at a minimum. 

The PSSC films are part of a complex which includes the text 
and the laboratory. They bear little resemblance to other physics 
films used in the secondaiy schools, Each PSSC film presumes to some 
degree a knowledge of what has been presented cailicr in the couisc, 
and is intended in part to open these specified areas which the 
student will later traverse. Most PSSC films include an experiment 
which cannot be done in the school laboratory or demonstrated in 
the classroom. In others, an attempt is made to picscnt an experi¬ 
ment carried out with relatively simple materials, and within the 
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capacity of an earnest student to duplicate Some films siimmimzc 
and inlcgiatc a topic by presenting several experiments rn phenomena 
which could not be assembled by the teacher. Finally, ceitam diffi¬ 
cult portions of the course are presented on film in the belief lliat 
the student will be best scivcd if all the learning tools-the text, the 
laboratory, and the classroom discussion and the film—converge on 
the topic. 

Most of the films aic of use in any physics course, hut then best 
and most efficient use is within the context of the PSSC couisc 

PSSC Physics 
CONTENTS 

Pait I The Universe 

Chapter 

1 What is Physics? 

2 Time and Measurement 

3 Space and Its Measures 

4 Functions and Scaling 

5 Motion Along a Path 

6 Vectors 

7 Mass, Elements, and Atoms 

8 Atoms and Molecules 

9 The Natuic of a Gas 

10 Measurement 

Part II Optics and Waves 

11 How Light Behaves 

12 Reflection and Images 

13 Refraction 

14 Lenses and Optical Instruments 

15 The Particle Model of Light 
—16 Introduction to Waves 

17 Waves and Light 

18 Interference 

IQ i mU ™^ ves 

Part III Mechanics 

20 Newton's Laws of Motion 
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21 Motion at the Earth’s Surface 

22 Umveisal Gravitation and the Solar System 

23 Momentum and the Conservation of Momentum 

24 Work and Kinetic Energy 

25 Potential Energy 

26 Meat, MolccuLii Motion, and the Conservation ot Energy 

Part IV Electricity and Atomic Stiuctuic 

27 Some Qualitative Facts about Electricity 

28 Coulomb’s Law and the Elementary Electiic Charge 

29 Energy and Motion of Charges in Electric Fields 

30 The Magnetic Field 

31 Elechomagnetic Induction and Electromagnetic Waves 

32 Exploiing an Atom 

33 Photons and Matter Waves 

34 Quantum Systems and the Structure of Atoms 

Tools of Learning 

1 A new textbook. 

2 A new laboiatory guide 

3 Simplified, low-cost appaiatus m kit fonn 

4 A set of 54 films which augments the laboiatory, summarizes 
and intcgiates the various fields of study, and sets the tone and 
standards for the couisc, 

5 Achievement tests designed to stimulate the application 
of knowledge and techniques to new situations and problems. 

6 An extensive hbiaiy of paper-bound books (Science Study 
Series) written by distinguished authors on the most Stirling 
and fundamental topics of science 

7 Teachei’s guides which provide background material, make 
concrete suggestions for class and laboratory activities, and 
discuss critical sections of the couisc at the tcaclici's level. 

PSSC Laboratory Experiments 

( ’ 1 

Part I 


Experiment 

1-1 Short Time Intervals 
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1-2 Large Distances 

1-3 Small Distances 

1-4 Analysis of an Experiment 

1-5 Motion Speed and Acceleration 

1-6 Small Masses 

1-7 The Spcctia of Elements 

1-8 Molecular Laycis 

1-9 Natuial Tcmpciatuie Scale 

Part II 

II-l Reflection from a Plane Mirror 

II-2 Images Formed by a Concave Mirror 

11-3 Refraction 

II-4 Images Formed by a Converging Lens 

II- 5 The "Refraction” of Particles 

II-6 The Intensity of Illumination as a Function of Distance 

11-7 Waves on a Coil Spring 

II-8 Pulses in a Ripple Tank 

II-9 Periodic Waves 

11-10 Refraction of Waves 

11-11 Waves and Obstacles 

11-12 Waves fiom Two Point Souices 

II- 13 Interference and Phase 
11-14 Young’s Experiment 

11-15 Diffraction of Light by a Single Slit 
11-16 Resolution 

II- 17 Measuiement of Short Distances by Interference 

Part III 

III- l A Variation on Galileo’s Experiment 

III- 2 Changes in Velocity with a Constant Force 

III-3 The Dependence of Acccleiation on Foice and Mass 

III-4 Inertial and Gravitational Mass 

III- 5 Forces on a Ball in Flight 

III-6 Centripetal Force 

III-7 Law of Equal Areas 

III-8 Momentum Changes in an Explosion 

III-9 The Cart and the Brick 
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III-10 A Collision in Two Dimensions 
IIU1 Slow Collisions 
IIM2 Changes in Potential Energy 
HI-13 The Energy of a Simple Pendulum 
III-14 A Head-on Collision 

Part IV 


IVT Electrified Objects 
IV-2 Electrostatic Induction 
1V-3 The Force between Two Charged Spheres 
IV-4 The Addition of Electric Forces 
IV-5 Potential Difference 

IV-6 The Charge Gamed by Ions in Solution 

IV-7 The Magnetic Field of a Cm rent 
IV-8 The Magnetic Field near a Long, Stiaiglit Wire 
IV-9 The Measuicmcnt of a Magnetic Field in Fundamental 
Units 

IVTO The Mass of the Electron 
IV'll Randomness m Radioactive Decay 
IV-12 Simulated Nuclear Collisions 



THE SCHOOL MATHEMATICS STUDY PROGRAMME 

IN MATHEMATICS 


Since 1958, the School Mathematics Study Group has concerned 
itself with the improvement of teaching of mathematics in the schools 
of the United States The National Science Foundation has provid¬ 
ed substantial funds in suppoit of this endeavour One of the pre¬ 
requisites for the improvement of teaching of mathematics is an 
improved curriculum—one which takes account of the increasing use 
of mathematics and science in technology and in other areas of know¬ 
ledge, and at the same time, reflects lecent advances in mathematics 
itself 

One of the first projects undertaken by SMSG was to enlist a 
group of outstanding mathematicians and mathematics teachers to 
prepare a series of textbooks which would illustrate such an improved 
curriculum. It is not intended that these books should be regarded 
as the only way of presenting good mathematics to students at this 
level. Instead, they should be thought of as samples of the kind of 
improved curriculum that is needed and as sources of suggestions for 
authors of commercial textbooks. 

Plow the Texts are Prepared 

SMSG includes college and university mathematicians, teachers 
of mathematics at all levels, experts m education and psychology, and 
representatives of science and technology. Each summer since 1958, 
some of these individuals have gathered together on writing teams ro 
produce text materials. In each case, the mateual generated by the 
writing team during the summer months was prepared for photo 
offset process, for use by schools during the following academic year, 
allowing the printer in some cases no more than a month to hails¬ 
torm typed manuscript into paper-bound books Each of the texts pas- 
ses through three identifiable editions: ‘Preliminary Edition,’ 'Revised 
Edition’ and ‘Sample Text Edition ' 

The School Mathematics Study Group prcpaicd text materials 
in mathematics for use m the elementary schools, in the junior high 
schools, and in the senior high schools They also prepared special 
units of work, a library of mathematics refeience books, and carried 
on and reported several research studies, 
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One can gain an idea of the new mathematics developed in 
algebra and geometry by examining the foreward and table ot con¬ 
tents foi each of these senes of texts. These aic lcpmduccd m (he 
following pages. 


Introduction to Algebra 
FOREWORD 

The increasing contribution of mathematics to the culture of the 
modem world, as well as its importance as a vital part of scientific and 
humanistic education, has made it essential that the mathematics m 
our schools be both well selected and well taught. 

With this in mind, the various mathematical organisations in 
the United States cooperated in the foimation of the School Mathe¬ 
matics Study Group (SMSG) SMSG includes college and univer¬ 
sity mathematicians, teacheis of mathematics at all levels, experts in 
education, and representatives of science and technology. The 
general objective of SMSG is the improvement of the teaching of 
mathematics in the schools of this countiy The National Science 
Foundation has provided substantial funds for the support of this 
endeavour 

One of the prerequisites for the improvement of the teaching of 
mathematics m our schools is an improved curriculum—one which 
takes account of the increasing use of mathematics in science and 
technology and in other areas of knowledge and at the same time one 
which reflects recent advances in mathematics itself One of the 
first projects undertaken by SMSG was to enlist a group of outstand¬ 
ing mathematicians and mathematics teachers to prepare a senes of 
textbooks which would illustrate such an improved curriculum 

The professional mathematicians in SMSG believe that the 
mathematics presented in this text is valuable for all well-educated 
citizens in our society to know and that it is impoilant for the pre¬ 
college student to learn in preparation for advanced work in the field. 
At the same time, teachers in SMSG believe Lliat it is picscntcd in 
such a form that it can be readily giaspcd by students. 

In most instances the material will have a familiar note, but the 
presentation and the point of view will be different Some material 
will be entirely new to the traditional curriculum. This is as it should 
be, for mathematics is a living and an evergrowing subject, and not 
a dead and frozen product of antiquity. This.healthy fusion of the 
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old and the new should lead students to a better understanding of the 
basic concepts and structure of mathematics and provide a firmer 
foundation for understanding and use of mathematics in a scientific 
society. 

It is not intended that this book be regarded as the only defini¬ 
tive way of presenting good mathematics to students at this level. 
Instead, it should be thought of as a sample of the kind of unproved 
curriculum that we need and as a source of suggestions for the authors 
of commercial textbooks. It is sincerely hoped that these texts will 
lead the way toward inspiring a more meaningful teaching of Mathe¬ 
matics, the queen and servant of the sciences 
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Geometry with Coordinates 
PREFACE 

Formal geomchy is usually introduced m a year-long course, 
often taught m the tenth giadc Ccometiy with Coordinates is 
designed for such an introductory course, and contains most of the 
mateiial of gcomeliy which has been found appropriate for a couise 
at this level The presentation here has one principal feature of 
novelty—it idles more heavily on algebra than has been common in a 
first couise m formal geometry. 

Such a fusing of geometry with algebra is characteristic of the 
development of mathematics, in which boundary lines among 
branches of the subject become blurred and eventually erased, More¬ 
over, the relationship between geometry and algebra has recently 
been emphasized m the SMSG text Geometry, where BukhofFs 
postulates, which make reference to the real numbers, are exploited. 
This book cames on m Llic same spirit, making explicit use of co¬ 
ordinate methods to obtain geometrical lcsulls 

It should be noted that the reader is not required to have much 
facility m algebra to understand this book. It is expected that classes 
using this text will have had one year of algebra, and that the geometry 
course will provide an opportunity for students to review, consolidate, 
and extend then knowledge of algcbia. 

The primary emphasis in this treatment remains on geometry 
as a deductive system. It is hoped that our presentation will help to 
make clear that analytic geometry fits into this deductive system— 
that it is not just a set of recipes for solving problems, but is also a 
portion of mathematics, having its place m the organic structure 
which mathematics is today. 
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THE BIOLOGICAL SCIENCE CURRICULUM STUDY 

PROGRAMME IN BIOLOGY* 

The BSCS has developed three sets of couise malenals for a first 
high school biology course, BSCS High School Biology, including new 
texts, laboratory manuals, teacher’s guides and handbook, laboratory 
techniques films and single concept films. Each of the Vcisions— 
the Blue, Yellow and Green Versions of BSCS Biology—provides a 
balanced presentation of biology suitable for use with classes m the 
average American high school, and within the intellectual capacity of 
most high school students. 

The preliminary experimental edition of BSCS High School 
Biology was prepared during the BSCS 1960 Summer Writing Con¬ 
ference by teams of writers—70 high school biology teachers and re¬ 
search biologists. During 1960-61, 118 teachers tried out these mate¬ 
rials with 14,000 students. 

Based on this classroom experience and on reviews by eminent 
biologists, educators and psychologists, the 1961 Second Summer 
Writing Conference prepared a revised experimental edition of BSCS 
High School Biology. During 1961-62, this revised edition was used 
experimentally by over 500 teachers with 50,000 students 

The final revision of these materials was prepared during Summer 
and Fall 1962. BSCS High School Biology, Blue, Green and Yellow 
Versions will be available through commercial publishers for general 
classroom use m the Fall of 1963.** 

The BSCS programme is a general high school programme repre¬ 
senting a genuine cooperative approach between significant teams of 
research biologists, high school biology teachers and other education 
specialists. It does not represent a revision, but rather a new start, 
based on the most up-to-date thinking in the field of biology. 

BSCS Biology puts a greater stiess on laboratory work; teachers 
report spending more than double the class time in the laboratory than 
they had with traditional materials. Furthermore, the traditional 
illustrative type of laboratory exercise is de-emphasized and stress is 
given to investigative exercises which introduce the students to the in¬ 
quiring processes of science. All three versions have unifying threads— 


*Bor a complete list of materials developed in the BSCS programme, see Appendix B 

**These are now available. _ 
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nine basic emphases—that arc woven in and though each of the three 
versions These are: 

change of living things though timc-cvolulion 
diversity of type and unity of pattern of living tilings 
genetic continuity of life 
complementarity of organisms and cnviionmcnt 
biological roots of behaviour 
complementarity of structuic and function 
regulation and hoemostasis the maintenance of life in the face 
of change 
science as inquiry 

intellectual history of biological concepts 
The theme, science as inquiry, concerns the materials and means 
by which content is presented in the BSCS materials. Instead of pre¬ 
senting the findings of science in a well organized scries of unqualified, 
expository positive statements, materials are presented so that the stu¬ 
dent knows the problem of the scientists, the experiments performed 
in seeking a solution, and the 'interpretations of the data which pro¬ 
duced the conclusions. Students will come to recognize the doubts 
and incompleteness of science, the possibility of advance though en¬ 
quiry, and that scientific knowledge docs change. Three approaches 
are made in achieving this aim, namely 

1. A forthright expression of uncertainty where uncertainty 
exists 

2. Current views are developed by a description of the experi¬ 
ments performed and the data obtained and interpretations 
made of the data 

3. Laboratory work is in many cases investigative rather than 
illustrative 

How do the three versions differ from each other? 

While all versions are complete, year-long courses suitable for use at 
the tenth-grade level, there is a difference in emphasis in each of the 
versions of BSCS Biology (see chart at p 29) Traditional high school 
biology books give highest emphasis to the organ and tissue level 
in biology in BSCS Biology Blue Version, the greatest emphasis is on 
the molecular level of biology; in the Yellow Version, the major 
emphasis is on the cellular level of biology; and in the Green Version, 
the major emphasis is on the community and world biome. 

It is felt that the emphasis in each of the three versions of BSCS 
Biology reflects the new developments in the field of biological 
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knowledge over the past three or four decades, along with the pro¬ 
cess of inquiry which has led to this knowledge The differences 
among the three versions are not related to level of student achieve¬ 
ment and it is estimated that the core content is about 70 per cent 
common among all three versions 

BSCS BLUE VERSION 
BSCS YELLOW VERSION 
BSCS GREEN VERSION 
CONVENTIONAL TEXTS 



The BSCS Is also concerned with— 

Teacher Preparation to better prepare teachers for using the new 
biology materials 

The Special Student to give optimal learning opportunities to stu¬ 
dents at both ends of the ability scale. Special matcnals arc being pre¬ 
pared to help teachers work with the potential biologist and also with 
the under-achiever. 

Special Laboratory Experiences to give the student an experience 
in depth in laboratory work through the use of one of a senes of 6-wcek 
laboratory blocks to supplement BSCS Biology. 

The Advanced High School Biology Course to provide a second- 
level high school biology course which will give a richer science experi¬ 
ence. 
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International Cooperation to adapt BSCS Biology for use in other 
countries Cooperative aiiangcmcnfe have been developed with seven! 
overseas countries interested in adapling BSCS matciuls for thcii own 


Revised BSCS Yellow Version 


Section A, Cells 


CONTENTS* 


Chapter 1 The Study of Life 
Chapter 2. The Cell Theory 

Chapter 3 The Thcoiy of Spontaneous Generation 
Chapter 4. Varieties of Cells 

Cl,aplei5 S&Sv&S** 0 *- CWt,yandft ' 

Chapter 6 The Physiology of Cells 
Chapter 7. The Reproduction of Cells 
Section B. Miciobes 

Chapters. The kinds of Microbes 
Chapter 9 The Growth of Microbes 
Chapter 10. Miciobes and Man 
Chapter 11. Microbes and Disease. 

Section C. Animal Life 

S" !?■ Annulsl and Ptats-An Inlroduction 
^napter 13 The Animal Way of Life 
lapter 14. The Diversity of Animals 

cE I! k lg ' Stl0n ™ Animals 

6 AriS'' U ° n antl ReSp ' Ii,tion <" Multicellular 

Chanter }s r “V" “ ¥ ullKdM » Animals 
Chan e 9 S” ™ in Multicellular Animals 

Chante n t 1 t PP °“ and 

•-napter 20. Reproduction in Animals 

Section D Plant Life 
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Chapter 23 Support and Conduction in Stems 
Chapter 24 Roots—Anchorage, Absorption, and Conduction 
Chaptei 25 Movement and Storage of Materials Within the 
Plant 

Chapter 26. Reproduction in Plants 
Chapter 27 Growth and Development in Plants 
Chapter 28 The Diversity of Plants 
Chapter 29 Man and the Balance of Nature 

Section E. Development 

Chapter 30 The Development of Animals 
Chapter 31 The Analysis of Development 
Chapter 32 Development in Plants 

Section F. Genetics 

Chapter 33. Patterns of Heredity 
Chapter 34 The Chromosome Theory of Heredity 
Chapter 35 Genes and How they Act 
Chapter 36. Genes in Populations 

Section G Evolution 

Chapter 37. Darwinian Evolution 
Chapter 38 The Mechanisms of Evolution 
Chapter 39. The Origin and History of Life 
Chapter 40. The Evolution of Man 
Chapter 41. The Cultural Evolution of Man. 

How Thinking is Stimulated : Illustrated by the Evolution of the Cell 

The following example, (taken from the revised Blue Version but 
which will be largely incorporated in the final Yellow Version) illustra¬ 
tes the hypothetical nature of science, and how teachers and students 
are put at ease in studying something for which the answer can never 
be completely known, namely, the study of how living cells evolved. 
This rationale follows after a brief consideration of Darwinian evo¬ 
lution, and the classical experiments of Redi, Spallanzani, and Pasteur 
which demonstrated that life does not arise spontaneously under 
present conditions. 

The background developed is sufficient to immediately plunge the 
students into a speculative consideration of how life did get started. 
No one really knows the answer to this problem, and in fact no one 
ever will. But the hypotheses one develops regarding the probable 
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origin of life have much to da with one’s thinking about life and liv¬ 
ing things, By presenting the hetcrotroph hypothesis at this time, 
the wnteis have fieecl the teachers from a fccliug of guilt when they 
cannot state the answer foi certain By this organization the writers 
have, almost at the beginning of their study of biology, placed the 
student in the role of the scientist in trying to find the answer to some 
problem for which there is no known answer, Students must cnrcfullv 
consider what it means to be alive, and then speculate and experiment 
in trying to account for what must have happened at the time life deve¬ 
loped And, currently, manv leading biologists arc relating much of 
their research to this problem of the origin of life Here is a contact 
with outstanding scientists as they push back the boundaries of what 
is known about the origin of life. 

For an understanding of the probable origin of a living 
cell, a certain amount of both inorganic and organic chemistry are es¬ 
sential. The writers have succeeded in presenting this minimum 
amount clearly and in sufficient detail to permit the student to think 
through the many problems required for life to develop What has 
been written is organized around assumptions which must be fulfilled 
if primitive life is to develop fiom a non-living substance. Perhaps the 
best way to convey how the authors have done this is to outline the as¬ 
sumptions they have made in developing the section on the Evolution 
of the Cell: 

The Emergence of Life* 

Assumption 1—The primitive earth contained an atmosphere compos¬ 
ed primarily of simple gases—methane, ammonia, hydrogen, and water 
vapour. There was very little free oxygen, nitrogen or carbon dioxide. 

a. Conditions on earth 

b. Amino Acids 

Assumption 2-Complex organic molecules were formed in the at¬ 
mosphere from the available water, methane, ammonia, and hydrogen. 
These organic molecules w'ere carried into the primitive oceans by the 
rain. 

a. Stanley Miller experiment 

b. Amino Acids 

c. Proteins 

Assumption 3—Duiing millions of years an accumulation of organic 
molecules occurred in the earth’s primitive seas. As chemical evolu¬ 
tions continued, more and more complicated molecules were formed 

•Certain modifiations have been made in the final list since published. —Ed. 
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by the chemical union of smallei molecules. The fust organism 
evolved from a complex of organic molecules 

a Heterotroph hypothesis 
b Ions 
c. Coacervates 

The Primitive Organism. Problems of Energy Utilization 
Problems of any primitive heterotroph 

(1) Obtain energy from the environment 

(2) Reproduce 

(3) Adjust to changing environmental conditions 

Assumption 4 —The primitive heterotroph survived by obtaining its 
energy for life from the organic compounds which surrounded it in 
the primitive seas 

a Energy and Life 
b Transfer and Storage of Energy 

c. Transfer of Materials in the Cell 

d. The Cell Membrane 
e The Structure of Fats 

f The Effect of Fat Solubility on Entry Into Cells 
g The Effect of Molecular Size on Entry into Cells 
h The Effect of Chaige upon Entry into Cells 

i. Cell Membrane and the Heterotroph 

j. Motion of Particles 

k. Diffusion 

l. Active Transport 

in. Active Transport in Human Muscle Cells 
n. Active Transport and ATP 
o Osmosis 

p Natural Selection and the Heterotroph 
q Fermentation 

r. Carbohydiates 

s. Energy Released in Fermentation 
t History of Fermentation 

u. Enzymes 

v. Enzymes and the Heterotroph 

w. Requirements for Enzyme Activity 

x. Glycolysis (Fermentation in Muscle Cells) 

y. Anaerobic Metabolism (Fermentation and Glycolysis) 
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The Primitive Organism. Problems of Duplication and Variation 

Assumption 5-Along with the capacity to derive eneigy from organic 
compounds, some mechanism evolved which enabled the organism to 
duplicate itself accurately, 

a. The Parts of a Nucleic acid Molecule 
b The Watson-Cnck Model of DNA 

c, The Role of DNA in the Cell 

Assumption 6—The Nucleic acids, which were self duplicating, in 
time were able to establish firm control over the basic cell processes, 
a Transduction in pneumococcus bacteria 
b Hereditary mateiials are found m the molecules of nucleic 
acids 

Assumption 7—The DNA of the early cell contained the primary ins¬ 
tructions to the cell about how it was to carry on its life activities. At 
the time of cell divisions the DNA instructions were transmitted to 
the newly formed cells. 

a Three important questions about DNA: 

(1) Plow did the nucleic acids establish their control over 
a gieat vanety of cellular processes? 

(2) How me the hereditmy instructions to the all 'cod¬ 
ed' in the DNA molecules so that the cell receives 
and correctly interprets the instuictions? 

(3) Plow does the DNA molecule duplicate itself exactly, 
generation after generation, so that the code is faith¬ 
fully transmitted to the descendents of the cell? 

b The Self,duplication of DNA 

c. The Hereditary Code 

d, Meet the Vuuses 

c Sudden Changes in DNA 

Assumption S— Although the nucleic acids were usually replicated ac¬ 
curately, occasionally chemical accidents resulted in mutations which 
in turn modified the cell processes contiollcd by the nucleic acids, 
a Families of DNA Molecules 

b. DNA m New Combinations 

c. Advantages of Sexual Reproduction 

The Primitive Organism. Food Makers and Respiration 

Assumption 9—The original organic materials in the oceans, lakes, 
and pools of the primitive earth were gradually consumed. 

Assumption 10—Organisms which were able to utilize the radiant 
energy of sunlight to synthesize organic compounds gradually evolved, 
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This ability to utilize light probably evolved over a long period of 
tune and was the result of the slow accumulation of small advant¬ 
ageous changes. 

a. Bacterial Photosynthesis 
b Carbon Dioxide Incorporation 

c. Algal Photosynthesis 

d. Respiration (Aerobic respiration) 

Assumption J J—Over great periods of fame, free oxygen accumulated 
as a by-product of photosynthesis and became available in high con¬ 
centrations. During this time, living organisms developed chemical 
patterns of food bieakdown which utilized this oxygen supply, 
a. Oxygen as a hydrogen acceptor 
b Aerobic and anaerobic metabolism compared 
c. The mitochondria and the enzymes 
d Krebs citric acid cycle 

e. Energy transfer and storage 

The Modem Cell The Evolved flctcrotroph 

a, The cell as a living unit 

b, Cellular reproduction 

c, Variation among unicellular organisms 

By taking the student through the rationale related to the above 
assumptions, and by presenting to him the experimental evidence for 
believing the above assumptions, a stage is set for a consideration of 
the basic problems, faced bv any living organism The student has 
had his attention focussed upon the basic problems of being alive, be¬ 
fore he has become confused by the multiplicity of accessoiy organs 
found in many living organisms He is given an orientation which 
makes more meaningful his entne study of biology, and he is started 
in the study of biology by considering the problems of living things, 
and then inquiring into the methods by which these problems must 
have been met. 



THE CHEM-STUDY PROGRAMME 
IN CHEMISTRY* 

Introduction 

There are many ways to teach chemistry. Past anuses have been 
enormously varied, present couises explore many methods, and future 
courses are being planned with considerable care in many localities. 
Yet widespread discount exists among secondary school chcmistiy 
teachers, even those who are giving the most thought to planning im¬ 
provements in their courses, 

Examples of each of these sources of discontent are easy to come 
by. It is common to suggest that diffusion accounts for the rapid 
spread of odours throughout a room, and the explanation may be offer¬ 
ed even after a conclusive demonstration with ammonia gas and hy¬ 
drogen chloride that diffusion actually occurs at the rate of a meter 
an hour. Small wonder that the student is confused Most historical 
developments of the atomic theory end with a description of a modi¬ 
fied Bohr atom, which was fust presented in 1913 and replaced some 
ten years later. Hardly a recent idea Teachers arc more likely to 
stress memorization of valence fairies than an understanding of how 
these data originate or how they are tied in with the detailed structure 
of the atoms Long hours are spent balancing chemical equations 
with no discussion of the mechanisms by which the reaction occurs or 
the nature of the processes by which one set of chemicals can be con¬ 
verted into another. Laboratory notebooks typically contain blank 
spaces to be filled in by the student Generally, 50 to 90 per cent of 
the entiies requiie only perusal of the textual material with no refer¬ 
ence to laboratory woik. In the laboratory the student is encouraged 
to get the ‘right answer’ rather than to investigate a system with 
some freedom of experimental design. Under such circumstances 
discontent and frustration are difficult to avoid 

Clearly such deficiencies, whether or not they are overtly appa¬ 
rent to the instructor and the student, are intuitively felt by both, to 
the detriment of a satisfactory course. No 'single course can ever re¬ 
move all the deficiencies, or attack with equal success any large number 
of them. Consequently there is a widespread feeling that a national 


Excerpts from Camnbell, J. Arthur, Chemistry.—An Experimental Science, 
Jhe School Review Vol 70, No. 1, 1962 & CHEM-Study Newsletter, Vol. 3, 
No. 2, 1963. 
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effort needs to be made to deal with as many of these problems as 
possible . 

The Chemical Education Material Study, more commonly 
known as the CHEM-Study, grew out of suggestions by a committee 
headed by A. B. Garrett, of Ohio State University. In I960, Nobel 
laureate, Glenn T. Seaboig, now chairman of the Atomic Energy 
Commission but at that time Chancellor of the Umvcisity of Califor¬ 
nia at Berkeley, obtained a giant fiom the National Science Founda¬ 
tion and assembled a staff to investigate what could be done to pro¬ 
duce the most effective high-school chemistry course possible. 

The general histoiy of the study and an outline of its majoi areas 
of operation have been presented in some detail m the newsletters 
published by the CHEM-Study m Claremont, California In the sum¬ 
mer of 1960 a group of well-known chemists assembled at Harvey 
Mudcl College in Claremont As a result of then labours, a textbook 
and a laboiatory manual were prepared and tiied m twenty-four high 
schools during the 1960-61 academic year Some thirteen hundred 
students were involved in the tryouts Close contact was maintained 
between the staff of the study and the teachers The results of this 
trial were then given to a second wiiting group in the summer of 1961 
at the University of California in Berkeley Tins group produced a 
second trial edition of the textbook and the laboratory manual and a 
complete teachers guide In both sessions the writing groups were 
composed of distinguished high school, univeisity, and industrial 
chemists. 

During the 1961-62 school year the test piogramme expanded to 
include one hundred and thiity high schools scattered acioss the 
United States Some thirteen thousand students in these schools 
studied CHEM-Study materials This sample provided much more 
definite evidence on the limitations and the strengths of the course 
Additional experimental schools were brought into the study during 
the 1962-63 academic year. 

The importance of laboratory work is emphasized in many ways 
One is that the student normally docs the experiment before he reads 
about the mateual in the textbook or before the mateiial is discussed 
in class. The student is allowed to discover many of the fundamental 
ideas and relations himself and to discuss them in a laboratory context 
with his classmates, rather than to read about them or merely hear 
them described as things that can be observed 

The student is sent to the laboratory the first day of school, and 
he works there about seven of the first ten days of school. He is not 
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given his textbook until the fourth day of school This approach so 
intrigues the student that he comes to look fonvard to laboiatory days 
He realizes that chemistry is indeed an experimental science, not a 
subject that can only be read about in a book or talked about in class. 

As the couisc is now constituted, the fust set of experiments in¬ 
volves a fairly extensive set of observations that centic on a candle, 
The student begins by writing down as many obscivations as he can 
make in a short peiiod of time He then compares his list, which 
normally contains ten or twelve observations, with the list of a pro¬ 
fessional chemist, which contains fifly-thrcc observations The dis¬ 
parity in the number and the quality of the obscivations conies as a 
shock and an eye opener to most students The student then studies 
melting-point behaviour, investigates the chemical changes that occur 
when a candle burns, identifies the pioducts of the reaction. lie also 
analyses the intermediate steps that must occui during the reaction. 
He measures the heat of combustion of candle wax and the heat of 
fusion of the wax, compares the two and relates the magnitude of these 
two energy terms to the operation of a candle. In the process the stu¬ 
dent is encouraged to generalize on the lelativc magnitude of the ener¬ 
gy changes associated with chemical reactions and those associated 
with phase changes 

About three-quarters of the laboratory experiments are quantita¬ 
tive in nature, but the level of mathematical ability required to handle 
the results is not too demanding for students at this level. A good 
comprehension of seventh and eighth grade arithmetic will enable the 
student to perform practically all the'operations. Occasionally al¬ 
gebra is required, and it is certainly tine that only a student with some 
comprehension of algebra could do outstanding work in the coiuse. 

Many experiments involve unknowns, and a considerable number 
of the experiments give the student options in methods of performing 
the experiment or in continuing beyond the dicoveries that the major¬ 
ity m the class will make. The intent is to encourage students at all 
levels to carry on a senous investigation and to discover effects that 
they were not familiar with, The equipment is kept simple in design 
and ldw in cost. Any school with a reasonable laboiatoiy budget 
should have no difficulty in introducing these experiments into its 
programme. 

A description of the first experiment in the oveiview section might 
be profitable The student weighs a piece of copper wire and places 
it in a solution of silver nitrate. Beautiful crystals of metallic silver 
begin to foim, and the solution slowly turns blue. The aesthetic ap- 
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peal of this experiment to the students should not be undcir.itcd 
The reaction is watched for a while and then put away so that it can 
come to equilibrium The residual copper is weighed, as is the sil¬ 
ver that has been formed. From the weights of Lhc copper used and 
the silver formed, the student calculates the ratio of moles of copper 
to moles of silver in the chemical reaction lie is then asked to 
write a simple chemical equation in terms of moles of reactants and 
moles of products, applying the conservation laws concerning num¬ 
bers of atoms, elements, and mass Next comes the question, 'if 
atoms of one of the two elements form ions of unit positive charge, 
what charge will the ions of the other element carry?' This is the 
first contact the students have had with ions, yet they seem to have lit- 
le difficulty in realizing that the silver ion will have a single charge 
and that the copper ion must then have a double charge. 

In the next experiment the silver is dissolved in nitric acid, picci 
pitated with hydrochlonc acid, and the resulting silvei chloride is 
weighed. Analysis of these data enables the student to calculate the 
foimula of silver chloride. Fie is then asked to use the data from the 
two experiments to predict the empirical formula of the chloride of 
copper. Remember, lie has no prior knowledge of what a reasonable 
formula for this chloride might be This type of quantitative experi¬ 
mentation seems to intrigue the students, without proving overwhelm¬ 
ing to the less capable ones. 

The Textbook 

The introductory section of the text book outlines the importance 
of an experimental approach and the tentative nature of the conclu¬ 
sions that will be reached. The importance of expanding the conclu¬ 
sions and of building a more inclusive model is developed from the 
beginning so that the student realizes that scientific observations aie 
uncertain and that the resulting theories contain uncertainties Here 
as well as in the overview section the atomic theory is presented as 
something that the student has learned about from past education in 
science and as a theory he can use in understanding chemical observa¬ 
tions. 

This first section of the textbook introduces most of the funda¬ 
mental ideas with which a chemist deals It gives a brief introduction 
to the electrical nature of matter, mole concept, kinetic theory, the 
idea of dynamic equilibrium, structural properties, energies associated 
with phase changes, the periodic table, and systematic variation of chc- 
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mical properties with atomic number. In each case a minimum ex¬ 
perimental basis is laid, but the full experimental treatment is deferred 
until later sections of the book. The puiposc of this section is to ac¬ 
quaint the students with the general principles within which chemists 
operate 

It seems to us that just as a paintci first sketches on blank can¬ 
vas the general areas that he will use in treating his sublet, so a tea¬ 
cher should sketch out for his student the general areas he will be 
studying and give him a fiamcwork into which further details can be 
fitted The framework can be nebulous, but it should be adequate 
and, even at this level, it should he tied in with as much experimental 
evidence as is essential for the framework to hold together. 

This section of the course has given us the greatest difficulty so 
far It is difficult for an experienced and competent teacher to de¬ 
fer detailed treatment of some of these ideas until the ovei-all fiame- 
woik has been constructed However, it has also been the experience 
of teachers who have completed the course that the approach lias 
merit. One result of the appioach is that the conceptual treatment 
and the bonding treatment seem to flow smoothly for the student 
fie has a comprehension of how they fit together even before each 
one is developed in detail He has also developed a desire to under¬ 
stand general concepts in more detail, since he has seen that they do 
indeed fit together and give a coherent over-all pictuie 

The second section investigates chemical reactions in terms of 
the concepts found useful in interpreting reactions. This subject 
is discussed in greater depth than is now common. 

The third section deals with chemical bonding and structural 
relationships. The final section deals with systematic chemistry, 
involving a study in some detail of certain elements and compounds. 
In this last section considerable emphasis is placed on interpreting 
chemical behaviour in terms of conceptual ideas developed earlier in 
the course, 

The more intensive treatments in the third and fourth sections 
are strongly dependent on the laboratory work that the student is 
performing. In addition, reference is often made to experiments 
that the student may not have had the time or the opportunity to 
perform in his own laboratory work A strong emphasis is placed on 
the dynamic nature of chemical systems, on the energy changes in¬ 
volved in reactions, and on the mechanism of approach to, as well as 
the nature of chemical equilibrium Particular attention is given to 
acid-base and oxidation-reduction systems as examples. 
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The discussion of chemical bonding is based heavily on the elec¬ 
trical forces that operate. A chemical bond is treated as existing be¬ 
cause of the simultaneous attraction of a given election 01 set of elec¬ 
trons by more than one nucleus. The development of ideas concern¬ 
ing atomic stiucluie is traced up to the contcmpoiaiy quanUun- 
mechamcal atom It is pointed out that the posiLion and tupcctory 
of electrons are unknown but that it is possible to desenbe a gencial 
distribution of charge in space m terms of orbitals and then energy 
These are related to experimentally determined energy levels The for¬ 
mulas, structures, and shapes of chemical molecules are then correlat¬ 
ed with the distribution of these oibitals m space and with the differ¬ 
ences in energy of the available energy levels. It is hoped that the stu¬ 
dent will find in this section ample justification for the study of che¬ 
mistry and a feeling of success in using the powerful ideas lie has dis¬ 
covered earlier in the course 

The teachers guide paiallels the laboiatory manual and the text¬ 
book. For each chapter m the textbook there is a section pointing 
out the intent and approach, the outline, new concepts, schedule of re¬ 
lated material, development, supplementary material (including a full 
discussion of each laboratory experiment), background discussion, and 
answers to exercises and problems for that chapter The intent is to 
provide the teacher with the knowledge that lie will find useful in in¬ 
terpreting the couise and to ease mechanical duties, such as setting up 
laboratory experiments, working out answers to problems, grading pa¬ 
pers, and making daily assignments Preliminary comments from the 
participating teachers indicate that the guide is filling a long felt need 
and is most useful. 


Chapter Titles and Experiments 


Chapters 

1. Chemistry: An Experi- 1. 
mental Science 

2 

3. 

4. 
4a. 


Experiments 

Scientific Observation and Des¬ 
cription 

Behaviour of Solids on Warm¬ 
ing 

The Melting Temperature of a 
Pure Substance 

Combustion of a Candle: A 
Class Experiment 
Further Investigations of a Burn¬ 
ing Candle 
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2. A Scientific Model 1 The 
Atomic Theory 


3 Chemical Reactions 


4. The Gas Phase: Kinetic 
Theory 

5. Liquids and Solids: Con¬ 
densed Phases of Matter 


6. Structure of the Atom 
and the Periodic Table 

7. Energy Effects m Chem¬ 
ical Reactions 

8. The Rates of Chemical 
Reactions 

9. Equilibrium in Chemical 
Reactions 

10 Solubility Equilibria 

11. Aqueous Acids and Bases 


12. Oxidation-Reduction Re¬ 
actions 

13. Chemical Calculations 


3. Pleat Effects 

6 The Weights of Equal Volumes 
of Gases 

7. The Behaviour of Solid Copper 
Immersed in a Water Solution 
of the Compound Silver Nitrate 

8. Mass Relationships Accompany¬ 
ing Chemical Changes I 

8a. Mass Relationships Accompany¬ 
ing Chemical Changes II 

8b The Formula of a Hydrate 

9. A Quantitative Investigation of 
the Reaction of a Metal with 
Hydrochloric Acid 

10 An Investigation of the React¬ 
ing Volumes of Two Solutions 
of Known Concentration 

11. Reactions Between Ions in Solu¬ 
tion 


12. A Study of Reactions 

13. The Heat of Reactions 

14. A Study of Reaction Rates I 

14a. A Study of Reaction Rates II 

15 Chemical Equilibiium 

16 Determination of the Solubility 
Product of Silver Acetate 

17 The Heat of Some Acid-Base 
Reactions 

18. The Determination of the Hy¬ 
drogen Ion Concentration of 
Solutions Using Indicators 

19. Applying LeChatelier's Principle 
to Some Reversible Reactions 

20. An Introduction to Oxidation 
Reduction 

21. Electrochemical Cells 

22 Ionic Reactions 

23. A Quantitative Titration 
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14. Why We Believe in 24. 
Atoms 

25. 


15. Electrons and the Perio¬ 
dic Table 

16 Molecules in the Gas 26 
Phase 

17. The Bonding of Solids 27 
and Liquids 

18 The Chemistry of Car- 28 
bon Compounds 

29 

29a. 

19. The Halogens 30. 

31. 

20. The Third Row of the 32 
Periodic Table 

33 . 


21 The Second Column of 34. 
the Periodic Table: The 
Alkaline Earths 

35 

36. 


22. The First Row Transi- 37 
tion Elements 

38 . 


Construction of a Logical Model 

The Relation Between Moles of 
Copper, Moles of Silver and 
Moles of Elec Irons Involved 
during Electrolysis 


The Investigation of Some of 
the Properties of a Pair of Cis- 
Trans Isomers 

The Packing of Atoms or Ions 
m Ciystals 

Some Reactions of Hydrocar¬ 
bons and of Alcohols 
Some Dcnvativcs of Organic 
Acids 

The Preparation of Some Poly¬ 
mers 

The Electrolysis of Aqueous 
Potassium Iodide 
Some Chemistry of Iodine 
Some Chemistry of the Ele¬ 
ments of Row 3 
Development of a Scheme of 
Qualitative Analysis Using Re¬ 
agents Labelled A, B and C 
The Relative Solubilities of 
Some Compounds of the Metals 
of Column Two—Qualitative 
Analysis 

Qualitative Analysis of Ag + } 
IIg + , Pb+2 

Development of a Scheme for 
the Analysis of an Unknown 
Containing Various Anions 
The Separation of Some Transi¬ 
tion Metal Ions with an Ion- 
Exchange Resin 

Some Investigations into the 
Corrosion of Iron 
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23 Some Sixth and Seventh 
Row Elements 

24. Some Aspects of Bio¬ 
chemistry: An Applica¬ 
tion of Chemistry 
25 Geochemistry; The 
Earth as a Source of Ma¬ 
terial 


39. Preparation of a Complex Salt 
and a Double Salt 
40 Preparation of Potassium Di- 
chromate 


41 Preparation of Chrome Alum 


A-l indices: 

Laboratory Techniques 

Esrsr*** 

^plu^SSip^tal 5 l,cn ’ Bb r-%on«nt s , 

Optional EsperinWV,sf‘S' S"" 80 " 

Nraes, Formulas and Oh™ rflA T' 29a 

Oxidation-Reduction HalMWt- . A Comni0n Ions 
Relative Strengths of Acids and°B Aciu “ us Solutions 
tions AC1C1S and B ascs m Aqueous Solu- 

” £ C °™° Wamc c„ mp0 u nd! in 


A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8 

A-9 



THE GENERAL SCIENCE SYLLABUS 
DEVELOP FOR INDIA 


Since universal education in India extends through the primary 
schools, it is paramount that there should be included m the primary 
schools those ideas and approaches of science essential for the future 
citizens to live well ordered lives in a rapidly developing technological 
society The elementary school should extend the pupil’s orientation 
in the sciences enabling him to make wise decisions as a participant in 
a democratic society, and laying for him a proper foundation for the 
study of science m the secondary school 

Such a foundation is essential not only for the science students 
but also for those who will pursue the humanities and perhaps become 
teachers in the primary schools For the science students, the future 
scientists of India, a sound foundation m science in the pnmary and 
middle schools enables them to make rapid piogrcss if they are to 
become successful scientists. 

The lives of each of us arc touched everyday by the forces of 
change Much of this change is due to the impact of science As 
the nature of the world is becoming increasingly determined by 
technology, it is ceitain that every individual needs some understand¬ 
ing of science to comprehend the world and live in it intelligently. 
India’s piogress depends upon how successfully her citizenry com¬ 
prehend the basic principles of science and appreciate what science 
has to offer m the improvement of health and living conditions and 
in the piomotion of agriculture and industry 

How to Achieve the Objectives of Teaching General Science 

A child should learn fiom his earliest years about things that are 
close to him around the home and the school Gradually, with in¬ 
creasing age, his horizon widens to include the community, the state, 
the country, and finally the whole world. Throughout his early im¬ 
pressionable years a child’s study of science should give him an 
understanding of how to make life richer, safer, happier and more 
productive, both for himself and for society, 

To the young child, the world is all in one piece, His science 
should be broad and encompassing, not broken into tiny fragments 
or specialized disciplines, such as chemistry, physics or biology. If 
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the child is to grasp the true meaning of science and continue to use 
its methods throughout life, lie must be involved personally in seeing 
and solving the problems of his own life This can only result from 
a direct acquaintance with science fiom the earliest school years. 

How the Syllabus has been Developed 

The first effort to make a syllabus for classes I to VIII was made 
by the National Council of Educational Research and Training 
at the request of the Punjab Government. Workshops were held 
in New Delhi where science tcacheis from various slates got to¬ 
gether, examined existing syllabi and developed a syllabus selecting 
major topics and concepts to be included in the general science course 
for classes I to VIII The advice of several specialists was obtained 
on this syllabus. A scries of general science texts based on tins 
syllabus were written by a numbci of authors This series included 
teacher’s guides and work books for classes I and II, and textbooks 
for classes III to VIII. These texts have been translated into both 
Hindi and Punjabi and are currently in use throughout the Punjab 
State. 

It was now felt necessary to re-examine this syllabus with a view 
to developing an all-India general science syllabus for classes 1 to 
VIII Two workshops were arranged for this purpose, one in Delhi 
in September 1962; and the other in Bangalore in November 1962, 
Representatives were invited from various states At this workshop 
the first draft of an all-India General Science Syllabus * was prepared. 
It was decided that any topic introduced should be studied in suffi¬ 
cient depth so that the sub-concepts and concepts would be under¬ 
stood by the pupils and not merely memorized by them. The broad 
areas of content included m the syllabus are 

1 Air, Water and Weather. Classes I to VIII 

2 Rocks, Soils and Minerals. Classes I to VII 

3. Human Body, Health and Hygiene. Classes I to VIII 

4. Safety and First Aid. Classes I to VIII 

5. Housing and Clothing, Classes I to VII 

6. Energy and Work. Classes IV to VIII 

7. Matter and Materials. Classes V to VIII 

8. Living Things. Classes I to VIII 

9. Plant Life, Classes I to VIII 


* 5S New Delhf-lf* ^ Chief Publi ^ tioQ KC,E.R,T., 114 SuadfT 
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10. Animal Life. Classes I to VIII 

11. Scientists at Work Classes I to VIII 

12. Measurements Classes 111 and IV 

13. Our Universe Classes I to VIII 

All the major and sub-concepts for each of the areas were written 
as declarative statements so that these would serve as directives as to 
what to teach, specially foi those teachers relatively uninformed in 
science A beginning was made m writing activities to be used in 
developing each sub-concept. The main outlines for the syllabus 
were written in Bangalore and much of the editing was clone later at 
New Delhi by officers of the N C.E R.T The concepts and sub¬ 
concepts have been checked for accuracy and appropriateness. 

Two supplementary books of activities are planned to follow * 
this syllabus, one for classes I to V and another for classes VI to VIII. 
These books will contain background material for the teacher, and 
describe experiences, and in many cases, experiments to use in deve¬ 
loping an understanding of each of the sub-concepts presented in the 
syllabus. 

It is hoped that a scries of general science texts for classes I to 
VIII will be written foi teaching the concepts of this syllabus. Plans 
are tentatively made to write such a series in English and to make 
them available to the states 

One of the commanding reasons for the efforts that have been 
put into the writing of this syllabus and accompanying books, and 
that are projected m the writing of the texts, is that the teachers in the 
primary and middle schools have an exceedingly poor preparation to 
teach science Consequently, it is necessary to prepare the materials 
that will at once suggest to the teachers what to teach, and give them 
materials to use in leaching. These materials should teach the 
teachers as well as the pupils Such a programme seems essential 
as India makes its giant stndes towards universal education up to the 
middle schools and then up to the secondary schools. 
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INAUGURAL ADDRESS 
AT THE PHYSICS SUMMER INSTITUTE 

D vS. KOTHARI* 

The blessing of the nmclccnth ccuLuv lists been the cxhemelv 
lapid giowth of scientific knowledge Jt is mnveisally acknowledged 
that we cannot have good university education unless we have good 
schools For the nations progress, it is essential to have good schools 
and vigorous universities. Unless we make an earnest attempt to 
make progress rapidly by bringing togethci the universities and the 
schools, the wide gap existing between them will widen fnrlhci r Fhcre 
is, therefore, an urgent need to budge the gap which is existing bet¬ 
ween our schools and the universities 

I am very happy that this sumnici school for high school physics 
teachers is being arranged jointly by the National Council of Educa¬ 
tional Rcscaich and Tiainmg, the Univcisitr Grants Commission and 
the U.S Agency for International Development. I am confident that 
we shall have many more such summer schools and that this process 
will go on like a chain inaction, that we shall have a large numbci of 
summer schools in the years to come so that hundreds of teachers wall 
be enabled to gam this wonderful educational experience 

By far the greatest contribution to this summer school in physics 
has been the book and the laboratory materials which have been 
kindly supplied to the seminar by the U S. Agency for International 
Development. I think veiy highly of all these materials I regard 
them as a very good proof of cooperative effort in their development 
A lot of thinking has gone into the production of these materials 
The new programme of physics teaching has been successfully im¬ 
plemented in the schools of the United Slates Far more important 
than the content in the book is the approach which is extremely 
teaching. 

At present, there is almost a revolution in the teaching of science. 
It is taking place 1 in all countries. Thcie is a lot of ferment going 
on in many countries regarding the teaching of science at the second¬ 
ary school level. For example, the Science Masters' Association in 
the U.K have also produced a book for the improvement of science 
teaching. 

Growth of scientific knowledge m recent times has been truly 


'Pr. D. S, Kotbari is Chairman Q f the University Grants Commission^ New Delhi 
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lemaikablc, and wliat is even more remarkable and significant is the 
extremely rapid increase m the rate of giowth Scientific knowledge 
and activities directly related to science arc getting doubled m a short 
period of 15 years This doubling period can be estimated in differ¬ 
ent ways from the mciease in the number of scientists, the increase 
in the number of scientific papeis rcpoited, the increase in the num¬ 
ber of scientific magazines and in many other ways No matter what 
index is used, the doubling period turns out to be about the same 
This doubling period over the last 100 years has on the average, been 
some 10 to 15 years 

Man's capacity has not kept pace with this growth m the quan¬ 
tity and complexity of knowledge Man's capacity to learn has not 
changed appreciably since prehistoric times There was a time when 
a single person could encompass all of the sciences It is now almost 
too difficult for a person to know all of the branches of physics, 
although there were a few such persons m the late 19th century The 
days of the encyclopedists who dealt with all blanches of science were 
o\ex somewhere about 1860 Thus the day has come now when there 
arc but a few outstanding persons who know all branches of their 
subject; more and more people today know only one of the sub-divi¬ 
sions of their own subject. While at present there are a few people 
who know about all of the blanches of their subject, the day is not 
fax off when there will be people who will not know anything beyond 
their field of specialization 

With scientific knowledge doubling about every 15 years, it then 
increases about 100 times m a century Yet man’s capacity Lo learn 
does not change, and at about the middle of the 17th century it was 
about all one could do to encompass a single subject such as pin sics 
Modem science began about 1700 This situation can be graphically 
portiayed as is shown 

At the present moment, scientific subjects can be classified under 
140 classes It is hardly possible for a person to be even a master in 
his specially Now-a-days, one can haidly be a total physicist 
Therefore, if one has to learn all of the important aspects of physics, 
it cannot be done through too much specialization, but must be 
accomplished by deletion of unnecessary knowledge Physics is a 
close unity. We must learn more about the principles which have 
universality rather than burden ourselves with the other details, which 
can be deleted. We must concentrate more on such principles even 
at a university stage as well as at a high school stage. One such im¬ 
portant principle is the relationship between space and time rela- 
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-increase in scientific knowledge 

-man's capacity to learn 

tivity. Another is quantum theory, We must lay stress on these 
important principles 

It is, therefore, necessary to devise ways and means for deletion 
of unwanted details and to concentrate on the more essential needs. 
The P.S.S.C. Physics book is a magnificent effort m this direction 
Little non-essential material is included and stress is laid on quantum 
theory and relativity throughout the book. I think that there should 
have been more stress on mathematics in this book, It might be 
possible later to introduce more mathematics into the book This 
book is indeed rich in subject matter. By far the most important 
feature of this book is the simple experiments which can demonstrate 
the validity of important theories. Many simple experiments can 
demonstrate important physical principles, For example, a simple 
moving hand can demonstrate the working of a pendulum, It should 
be interesting to think of forces at work when a tonga moves—what 
foices are applied and m what mannei 

A teacher cannot be an inspiring teacher unless he himself knows 
what is to be taught and also how to express his thoughts, It would 
be difficult for our school teachers to present the ideas even in the 
hook because of their inadequate knowledge of English, It is, there¬ 
fore, necessary for the teachers also to know the language well, In 
this connection, I would like to invite your attention to the recent 
article by Professor Taylor m the November 1962 issue of the Bulle- 
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tin of the Physical Society, where lie points out that, 'The teachci can¬ 
not be effective as a teacher of science, and tolerate slovenly English 
The pupil cannot construct anything of scientific value if he be unable 
to use the tool of language The duty of a scientist to teach good 
English is as insistent as his compulsion to teach exact science ’ Our 
teachers should also make efforts to master the language as far as 
possible. 

It is umveisally recognized that good and progressive univcisitics 
can only exist if we have strong and good schools To bring this 
about, it is necessary that there is no unduly big gap between the uni¬ 
versities and the schools, and everything possible should be done to 
bung together and to establish channels of communication between 
university and school teachers A Summer Institute such as is this, 
therefore, to be welcomed from every point of view There is no 
doubt that it will make a valuable contribution towards the progress 
of physics teaching m the country 
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SUMMER INSTITUTE PROGRAMMES FOR 
SECONDARY SCHOOL SCIENCE TEACHERS 

N, E, BINGHAM 

This summer for the first time in India there were held four 
Institutes for science teachers, one for Biology teachers in the 
University of Madras, one for Chemistry teachers m the Univer¬ 
sity of Poona, one for Physics teachers in the University of Delhi, 
and one for Mathematics teachers in Ramjas College, Delhi. These 
Institutes were jointly financed by the National Council of Educa¬ 
tional Research and Training, the University Grants Commission, 
and the United States Agency for International Development 

Participants for each Institute came from all over India. There 
were approximately 40 participants in each Institute Most of the 
participants had both a B Sc. and an M Sc degree, and these 160 
participants were selected from approximately 800 applicants. 

The Biology Institute was directed by Dr. S. Krishnaswamy, 
Professor of Zoology, University of Madras. His staff included 
Dr. Glen Peterson, Piofessor of Zoology, University of Houston, m 
addition to local staff. Dr. Peterson had participated in the develop¬ 
ment of the Biology text materials in America, which materials were 
used in this Institute. 

The Chemistry Institute was directed by Dr. H. J Arnikar, Head 
of the Chemistry Department, University of Poona. He was assisted 
by Dr Donald A, Starr, Piofessor of Chemistry at Malone College, 
Canton, Ohio, and for a short time by Dr. J Arthur Campbell, Chair¬ 
man of the Chemistry Department, Harvey Mudd College, Claremont, 
California, m addition to local staff. Dr, Campbell is director of 
the CHEM-Study Committee which developed the text, laboratory 
manuals, teachers guides and films used in this course. 

The Physics Institute was directed by Dr R. C. Majumdar, Chair¬ 
man of the Physics Department of Delhi University. He was 
assisted by Dr. Kenneth Baker, Professor of Physics, Union College, 
Schenectady, N. Y as well as by local staff The Physics Institute 
used the materials developed over the past eight years in the United 
States by the Physical Scienc i Study Committee, known as the 
PSSC Programme. The text ;t, r ilf has been reprinted in India and 
is available at the Publiij j $j Unit, N.C.E.R.T., 114, Sunder 
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Nagar, New Delhi, for the amount of Rs 8 plus postage. Besides the 
text, the participants of the Institute used the Teachers Manuals, 
Laboratory Guides, supplementary books, kits of equipment, and the 
54 films of experiments developed as a part of the PSSC Programme, 

The Mathematics Institute was diicctcd by Dr. P. D. Gupta, 
Principal of Ramjas College, Delhi. Pie was assisted by Dr. Emory 
Starke, Professor and Emeritus, Chairman of the Mathematics 
Department of Rutgers Univeisity, New Jersey, by Dr. Slranti 
Narayan, Principal of Hans Raj College, Delhi, and by other local 
faculty. This Institute used the extensive array of mathematics 
materials developed in the United States by the Secondary Mathe¬ 
matics Study Group known as the SMSG Programme, which intro¬ 
duces the students to higher mathematics in a modern way. 

Each of these Institutes was of approximately eight weeks dura¬ 
tion. Each was enthusiastically conducted by the faculty and 
enthusiastically participated in by the teachers. These Institutes 
were experimental in nature Emphasis was placed upon investiga¬ 
tory activities—activities in which the participants used the laboratory 
to experiment, to collect data, and to interpret the data so obtain¬ 
ed. This is the way a scientist uses a laboratory. Since science is 
advancing so rapidly on all fronts, the emphasis in these new pro¬ 
grammes is upon finding and understanding those ideas that have 
universality, ideas which can ,be used to interpret a wide number of 
related phenomena. It is hoped that the participants will find many 
ideas and procedures that they may use in updating and improving 
science instruction in India. 

Laboratories were used extensively in each of the Institutes and 
these laboratories were chiefly investigatory laboratories rather than 
exercises in which students checked upon the answers they had already 
read in the text, The laboratory activities preceded the discussion 
of such activities and served as a basis for the development of con¬ 
cepts. Emphasis was placed upon thinking rather than upon memo¬ 
rization of conclusions. 

The chief concern of the participants seemed to be how they 
can bring all these new ideas and approaches, which they find so 
stimulating, into the classroom How can they teach in their own 
high school programmes what they were taught in the Institutes? 
In these Institutes, ideas emerged which did show that many 
of the universal ideas of science may be taught in the classrooms of 
India. The teachers found ways by which they could devise and 
conduct experiments to facilitate the learning of students. 




Dr. A L Muilaliar, Vice-Chancellor, Madras University, addressing the 
BSCS trainees at the valedictory function 



Dr. N.E. Bingham with participants in their study of fermantation 






Mrs. Anna Singh shows how to use the ripple tank 
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Because of the success of these Institutes this year, plans are 
already being made by the University Grants Commission, the 
National Council of Educational Research and Training, and the 
U S, Agency for International Development to expand’ this pro¬ 
gramme this coming year. This programme of Summer Institutes for 
secondaiy school science teachers is one of the most fascinating experi¬ 
ments in education that has occured in India 



SUMMER INSTITUTE IN BIOLOGY 
UNIVERSITY OF MADRAS 

S. KRISHNASWAMY* 


REPORT 

The New Approach to Biology Teaching 

Scientific discoveries are made so rapidly now-a-days, that it is 
virtually impossible to keep pace with their progress To bring these 
rapid advances to the school children, it becomes necessary to modify 
substantially the content as well as the methods of teaching In this 
new approach, the high school students learn the facts by perform¬ 
ing the original experiments which led to the discovery of those facts. 
In other words, they live as scientists and discover the facts for them¬ 
selves This helps in a better understanding of the problem and leads 
to an intuitive grasp of the sub|cct instead of mechanically memoriz¬ 
ing a few facts. Therefore, in this new approach students will spend 
more time in the laboratory than in the lectme rooms and discover 
the laws of nature themselves. 

The specially prepared textbooks and laboratory guides lead 
the students by stages from the simple to the more complex prob¬ 
lems m biology. These text mateiials are augmented by films, film 
strips and other teaching aids, 

The writers of the new biology texts have placed emphasis on 
the unifying threads of life and the importance of laboratory work, 
through which a student becomes a participant in the exciting field 
of science and not a mere outsider who reads about science and 
watches demonstrations 

The Summer Institute at Madras was designed to bring to the 
notice of the practising science teacher these new biology materials 
and give them direct experience in the use of these materials. 

Participants 

This Institute had forty participants drawn from almost every 
state in India Many of them had wide teaching experience The 


'Dr. S. Krishnaswamy is Professor of Zoology and Chairman of the Zoology 
Department^ Madurai Umversuvj Madurai, 
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following data will give a fair idea of the lange of educational and 
piofessional expeiience 

StutC-wisc distribution of participants 


Andhra Piadesh . . 2 

Assam .. .. 2 

Bengal . .. .3 

Bihar . .. .. 2 

Gujarat . .. .2 

Delhi . . .8 

Kerala .. .. .5 

Madras . .. .. 3 

Madhya Pradesh .. . .. 4 

Maharashtra . . 1 

Mysore .. 1 

Orissa .. . .. 1 

Punjab ... .. .2 

Rajasthan .. .. 2 

Uttar Pradesh .. . .2 


40 


The Programme 

Lectures and Practical Work, The syllabus set out m the BSCS 
Yellow Version was followed during the course Over 75 lectures 
and practical were held during the course 

Special Lectures Besides the regular lectures covering the material 
in the syllabus, special lectures by experts were arranged on the 
following topics to supplement the material in the BSCS Yellow 
Version 

Energy utilization by Prof. C. P. Gnanamuthu 
Tissue culture by Dr. Manoliar Lai 
Parasites and diseases by Dr. L. N. John 
Rescaich in high schools by Prof. R. V Seshayya 
Electron microscopy by Dr T. V. Dcsikachari 
Virus by Prof. T. S. Sadasivan 
Algae by Mr S. Doraiswami 
Onentation m bats by Dr Neiwciler 
Museum techniques by Mr. G. J. Phanuel 
These lectures supplemented the text material in BSCS Yellow 
Version 
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Discussions: Work for each week was reviewed and discussed 
on Fridays and Saturdays The problems facing the teachers were 
vividly brought out in these discussions. Suggestions were given for 
improving the quality of the lectures The participants were able to 
present their points of view on various aspects of teaching biology. 

A discussion on the Outlook of Biologists was led by Dr. B. S. 
Bhimachar, Directoi of Central Inland Fisheries. 

A fascinating approach to teaching known as ‘Invitations to 
Enquiry’ was introduced. The participants were so pleased with this 
approach that one of them, Mr Verma, led a class on the subject 
showing that the methods could be followed in our schools without 
any difficulty, 

New Methods of Evaluation: Dr. N. E. Bingham, Science Consul¬ 
tant, U S, AID, acquainted the participants with the new methods of 
evaluation developed in U.S.A, The participants discussed these 
methods. After discussion, they set up similar questions on selected 
topics. 

Research Talks: Dr. Glen Peterson gave a research talk on Choles¬ 
terol Synthesis by Microorganisms. This gave an opportunity for 
the participants to learn the method of presenting scientific papers 
to an audience This was followed by research talks by two of the 
participants, Mr. Sutaria and Mr. Agarwal They presented the 
results of their original work, 

Research Prospectus and Laboratory Blocks; The research pros¬ 
pectuses prepared by BSCS were discussed and several lines of inves¬ 
tigations were suggested as group activities. The teachers evinced 
great interest in these pro|ects. 

The Laboratory Blocks were introduced at this stage. The 
teachers were given an opportunity to study the blocks to try and see 
if they could introduce them in their schools. Special stress was 
laid on improvising apparatus and several suggestions were given. 

Evaluation of the Institute, 

In the beginning, the participants were not convinced that the 
new methods of teaching could be applied to Indian schools. At 
the end of the seminar, a questionnaire was distributed to the parti¬ 
cipants to elicit their reactions to the programme. Only eight out 
of the forty felt that they could not implement the new programme 
and methods of teaching. Five said that they did not have adequate 
laboratory facilities to carry out the experiment. All of them said 
that some changes were necessary if they were to implement the new 
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approach Fust, adequate time should be set apart for practical 
work Secondly, sufficient flexibility should be piovidcd in the 
syllabus to try new materials and methods Thirdly, administrators, 
principals and heads of schools should be oriented to the new 
methods through short courses of about llncc days duration so that 
they might assist and encourage schools m adopting an experimental 
approach 

Suggestions for the Future 

1 Couiscs of shorter duiation should be held for teacheis from 
training colleges These should be of about two weeks duration 

2. With the help of teachers trained m the Institute, 3-day 
discussion groups should be oigam/cd foi educational administra¬ 
tors 

3 As an experimental measure, the new syllabus may be intro¬ 
duced and tried rn the higher secondary schools proposed to be started 
by the Centre in different parts of the country. This would have 
considerable influence on the schools in the region and may bring 
about the desired change. 

B EVALUATION 

Observations of Members of the Coordinating Committee 

This Institute was somewhat shorter in duration than the other 
Institutes, as it was terminated on June 26 because, with the begin¬ 
ning of the new school year, hostel arrangements could not be made 
aftei that date However, it proved a fust-rate InsLitute in every 
respect. The total length of the Institute was compensated for by 
starting the programme early in the morning and continuing till late 
in the afternoon, and by conducting these programmes on a six-day 
week basis. As in the other Institutes, provision was made for trips 
to places of special interest on Saturdays. The sea-side location 
made it interesting to the participants, particularly to those who 
came from inland locations. 

The faculty of the Institute took particular pains to examine 
and try out all the new materials These materials included the 
Yellow Version BSCS Texts, Student Laboratory Manuals, and 
Teachers Guides, the Teachers Handbook for all Versions, and the 
two volumes of Biological Investigations for secondary school 
students which were given to each of the participants. The ten 
Biological Technique Films of the BSCS programme and the 50 
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films of the EBF Biolog)' Programme were made available ana used 
in the Institute. All these direct experiences with the entire pro¬ 
gramme gave the participants confidence that the new biology 
programme can be appropriate to their schools. 

In the laboratory most of the experiments of the new pro¬ 
gramme were done by the participants All the materials for this 
laboratory were procured locally. In fact, Di, Kiishnaswamy cal¬ 
culated how much it would cost to equip the laboratory to teach 
this new programme, lie found that all materials could be produced 
locally and that a laboratory could be equipped for about 
Rs 1,400 including all the specimens that would be used 
Most of this equipment could be used year after year So this 
represents an initial expense. This list of materials (available in 
India) to teach the new biology programme is given in Appendix C 

A number of seminars were held where the students discussed 
with the faculty and with visiting guests the new approaches and 
content to teach biology, winch of these might be included in 
the schools in India and how they might be included. Among other 
things it was decided to publish a foitnightly newsletter among the 
members in which the participants may tell how and to what extent 
they have been successful with the new ideas which they have learn¬ 
ed this summer. Without exception the participants in the Biology 
Institute were enthusiastic about their summer experience 

By Dr Glen Peterson, Visiting American Scientist 

This Institute was conceived as an experimental Institute to try 
out the new Biological Sciences Curriculum Study (BSCS) Pro¬ 
gramme to find to what extent parts or all of this are appropriate 
for adoption by secondary schools of India This BSCS Biology 
programme differs from conventional biology in several ways Firstly 
all the BSCS materials have significant umfymg threads Secondly, 
BSCS biology differs from conventional biology in that it is a general 
secondary school programme, that has resulted from a genuine co¬ 
operative approach between significant teams of research biologists, 
high school biology teachers, and other contributing specialists. 
Thirdly, the traditional illustrative type of laboratory exercise is de- 
emphasised as stress is given to investigative exercise which introduce 
the student to the inquiring processes of science. 

It is the considered opinion of the writers of BSCS biology that 
the unifying threads of themes as the structure for the secondary 
school biology course more adequately reflect the modern biology 
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than do conventional approaches The central position of the labo¬ 
ratory reflects the conviction that a student comes to understand 
science, by participating in science lather than serving as a by¬ 
stander who only reads about science, watches demonstrations or 
routinely follows patent work outlines. 

This Biology Institute m Madras was organized and con¬ 
ducted in a way that the participants not only tried out the materials 
hut they also experienced the approach of the new BSCS pro- 
giamine It is their considered opinion and mine also that most 
of the BSCS programmes, both the approaches and the materials, are 
appropriate for use m the secondary school programmes of India. 
The adoption of these approaches and these materials would do 
much to remove obsolescence and upgrade the teaching of biology 
here 

I wish to commend the Director and faculty of this Institute for 
the many things they have done to make this experience a first-rate 
experience for all the participants, and to make it possible for the 
participants to practise many of the things they have learned here, 
when they return to their various schools. For example, a special 
bibliography of reference books was prepared and recommended 
for use in Indian schools. A complete list of all the materials and 
equipment necessary to do all of the experiments of the programme, 
and also the Indian sources of such matenals was provided for each 
of the students. 

Several trips of particular interest to biology teachers were 
arranged Extra preparations were made for these trips, for example, 
a special bulletin was prepared on how to know water buds of 
Vedanthangal Opportunity was provided for those who live inland 
to collect seashore specimens to take home and use m then teaching 

Certain of the lecturers were recorded and copies supplied to 
the participants so that they could have a complete set. 

Attention was paid to the many details which are so essential for 
a sustained period of comfortable living when away from home. 
All in all, one may say that this Institute may well serve as a proto¬ 
type for future institutes to he held in India. 

By Participants 

Fifty-eight per cent of the 40 participants in the Biology Institute 
responded to a questionnaire. Below are summarized their responses to 
four of the questions Each tally refers to the number of participants 
indicating a particular idea The responses are categorised by topics 
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I In view of the purpose* of the summer seminar to upgmcle second¬ 
ary school science education, which cxpcucnccs in ynur summer 
seminar, do you value most 7 Why? 

The appioach 

a) The Yellow Version BSCS of much use, us mu libraries 
have few aids to teaching—S 

b) Approach to teaching biolog) from the functional and 
physiological aspects, a nice method—2 

c) Teaching biological sciences as a whole is ideal—not botany 
and zoology as single units—2 

d) ‘Invitations to Enquiry 1 arc simple and produce wonder¬ 
ful results—6 

e) Such an approach gives an enthusiasm foi science to pupils—5 

f) "Teaching biology at the molecular level will fill the gap 
between plants and animals—1 

g) The emphasis is on thinking rather than memoiization—2 

h) The Yellow Version and the syllabus in India should be 
combined—1 

Updating of Subject Matter 

a) Most lectures were valuable especially those on evolution 
and animal behaviour—2 

b) New information for me as a teacher—9 

c) Theory lectures of value to me—4 

d) I got much impetus to work further in my subject—1 

e) The seminar gave me a chance, I never would have had, to 
compare ideas with those of others in my own profession—1 

f) Subject matter most valued: 

Study of microbes—5 

Culture media for microorganism identification—7 
Study of cell division—2 
Animal behaviour—3 
Chromatography—3 

New theory in plant and animal physiology—4 

g) The seminar enriched me with the modern aspects of the 
subject, winch ultimately I shall pass over to my students—I 

Experimental Method (Laboratory and Field Trip) 

a) Practical of most value—13 

b) Practices helpful to create scientific thinking-3 
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c) Piacticals illustrative rind ckmonshaUvc—2 

d) Practicals of much use to pupils, they have to come lo con¬ 
clusions—2 

c) I found a new way of teaching winch helps mu students to 
think something about the suhiecl—I 

f) Pupils will be nude to obscivc by themselves—2 

g) I shall be able to show the simple experiments to bung my 
students m close touch with facts othci than only the book 
knowledge—1 

li) The experimental side will give a clear cut idea of the subject 
Such experiments as on animal respiration, culturing bacteria, 
etc will arouse the real interest (or the subject amongst the 
students—1 

i) Practicals arc so important tliev should all be done by indi¬ 
viduals, not by gToups Only in this way can real learning 
lake place—8 

j) Great help to study biology in its natural setting—1 

k) Let the pupils prepaid slides and projects—1 

l) The knowledge gamed by seeing is lasting—1 

m) Field tups get students enthusiastic—2 

n) Evciytlnng could be learned by doing—1 

o) Let the pupils read more than the textbook—1 

p) Tins kind of method takes a lot of time and skill A teacher 
has to handle 250 students, cannot finish syllabus and con¬ 
duct laboratory experiences—1 


Films 

a) The film-shows were one of the most valued pails of the 
seminar—8 

b) Visual aids were vciv applicable, were lllustiativc and in¬ 
formative—7 

c) Film shows such as these will cicatc scientific thinking in 
students—2 

d) Many films gave a clear idea of ecological regions—1 

e) They nude theory clcai, so piaelicals can be demonstrated 
hcttcr—1 

f) Such films should be available lo schools—4 

g) Modern techniques were well brought out-3 

h) Things beyond the pupils' imagination and environment 
can be brought ncaicr to them—1 
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Discussions 

a) Discussions gave me an idea of new approach—6 

b) Clcaicd many doubts and so I am now better cquippcd-7 

cj Informal discussions have much value—2 

d) We learnt of othcis’ difficulties and ways to overcome 
them—5 

c) Discussions with eminent scientists inspired us to greater 
knowledge-1 

f) I learnt about other methods being used in other parts of 
India—1 

II Using the present syllabus, can you see ways to introduce new 

content and new approaches in your classes? To what extent 

can you do this? Give an example. 

Extent of Use 

a) Almost all the experiments can be used except those involv¬ 
ing electrical apparatus—1 

b) All who answered stated that there wcic a number of ways the 
new content could he introduced with such reservations as 
need of equipment for sterilization, need of microscopes, and 
more time—23 

c) I can conduct investigatory experiments, because I had this 
experience—2 

h) Yellow Version BSCS and the present syllabus should be 
continued—3 

i) Conduct seminar in accordance with present syllabus (VIII- 
XI) and then teacher can apply—4 

]) Give more time to applying ideas in the classroom—3 

Administration of the Seminar 

a) Training college teachers should participate—7 

b) Seminar should be shortened and held in a place where flora 
and fauna are prevalent—3 

c) Summer seminars should be confined to each state so that 
more teachers can participate—2 

d) Mixing B Sc. degree holders with M.Sc. degree holders gives 
rise to difficulties for former—1 

e) Attach present participants to new seminars for next summer 
-2 
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UNIVERSITY OF POONA 

H ] ARNIKAR* 

The Chemistry Summer Institute was lnauguiatcd bv Dr. 
K Venkataraman, Dncctm of the National Chemical Labmatory, 
Poona, on May 13, 1963. It was all ended by 38 secondary school 
■ chemistry teachers coming from the different states of India ay 


follows: 

Andhra Pradesh 4 

Bihar 2 

Delhi 1 

Gujarat 2 

Kerala 3 

Madhya Piadesh 5 

Mvsotc 3 

Orissa 2 

Punjab 1 

Rajasthan 4 

Uttar Pradesh 2 

West Bengal 2 

Mahaiashtra 7 

Total 38 


Of these 38, twenty-one weic B Sc s and seventeen were M.Sc.s. 
Twenty-seven had also a teaching dcgicc m addition The teaching 
and research staff of the Univcisity Department of Chemistry con¬ 
ducted the classes of the Institute, following the Chemistry Study 
programme of the U S.A, The noimal daily schedule of the 
seminar was as follows. 

’ 11-30 am. — 12-30 p.m, Lecture 

12-30 p.m. — 1-30 p.m. Discussion of practical woik 

or 

Model classes on short topics by the participants 

1- 30 p.m. — 2-00 p m. Bleak 

2- 00 1 pm — L00 pm Laboiatorv Work 

Every week an achievement test and two or three CIIEM-Study 
films were arranged, Visits to chemical industries, and rcscaich centres 

*Dr, H J, Amikar is Professor of Chemistry and Chiiitman of the Department 
University of Poona., Poona. 
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in and around Poona were amused timing week-ends. The whole- 
time presence of a Senior Professor d Chemistry cxpcucuccd in 
the adoption of the CHEM-Study coimcs, as Dr, Donald D Starr, 
Head of the Science and Mathematics Division of the Malone Col¬ 
lege, Ohio, (USA) was of invaluable help in the successful adoption 
of the novel CIIEM-Sludy couises in all then aspects. The periodic 
visits of Dr N Eldred Bingham, Science Education Consultant, 
U.S A ID. helped m assessing the progress of the Institute from 
time to time The programme was fmlhcr cmiehcd by the participa¬ 
tion of Professor G V Asolkai, Head of the Chemistry Department, 
University of Nagpur, and of Professor B D Jain, Chemistry De¬ 
partment, University of Delhi Di. Jam devoted much time to the 
problem of levismg the existing syllabus m chemistry and the adop¬ 
tion of a new experimental approach, Mr James Greene of the 
Asia Foundation visited the Institute and had discussions with the 
participants and the faculty members, to assess the success of the 
CHEM-Study materials m teaching chemistiy in this country 

The highlight of the Institute was the visit of Professor J. A, 
Campbell of the University of California, Berkeley and collaborator 
of Professor G T Scaborg, the Director of the Chemical Education 
Materials Study (CHEM-Study) Prolcssor Campbell spent hmi days 
with the Institute and conducted model classes, beginning with an 
•experimental demonstration and ending with a discussion of the 
observations. These were unique illustrations of the CHEM-Study 
method of performing the experiment, noting the observations, 
then attempting to explain them, and finally testing out the validity 
of each explanation 

Other visitors to the Institute were Dr Bowling of Dc Nobili 
College, Poona, for about two weeks and Dr, Camp¬ 
bell of Spicer College, Poona Some secondary school students of 
Poona were also invited to attend a pait of the course and one of 
them stayed till the end and showed keen interest at every stage, 

; The CHEMS materials include a text, a laboratory manual, a 
detailed teachers guide, ten specially designed teaching films, pro¬ 
grammed instruction m chemical arithmetic, and objective multiple 
choice unit, mid-year and final tests, All these materials emphasize 
the way a chemist works; he makes observations and experiments, 
systematizes these observations, 1 uses imagination to create models 
do account fui these observations, and communicates his findings.. 

There is a big difference in the general level of science at the 
school stage of this country compared with that m the more advanc- 
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ed countiics and it is necessary to lectify this lag The only way of 
upgiadmg the present low standards is to make a break-tinouglr bv 
dropping out the non-essentials hour the existing syllabi and make 
time available foi moic important basic pnnciplcs and modern con¬ 
cepts, so that no part of what is taught at the school stage need be 
untaught at a higher level, as is unfoilunaLely the ease at present 
Dining a dcLailcd discussion of this aspect by the paiticipanls with 
the Chairman and some members of the S.S C. Board, Poona, the 
urgency was sticsscd for (1) redrafting the syllabi wherein not only 
the contents are reauauged, but the emphasis is shifted to the experi¬ 
mental approach, and (2) foi changing the presenL system of exami¬ 
nation, so that between 25-50 pci cent importance is given to dnect, 
objective tests and the class lccoid of woik of the student to be main¬ 
tained by the teacher 

Participants discussed plans to put the CIIEM-Stndy ideas into 
their classes in the coming year They further cxploicd ways of 
exchanging information about their success in using CHEM-SLudy 
materials with Indian secondary school students. 

B. EVALUATION 

By Members of the Coordinating Committee 

The Chemistry Institute was a fine institute m cvcrj inspect 
The new materials wcic carefully examined by the faculty and the 
Institute was caicfully organized to test out these materials. The 
materials included the CITEM-Study Text, the Student Labora¬ 
tory Guide, and the Tcachcis Laboratory Guide, which were 
furnished to the participants The ten films completed for use with 
the CHEM-Study piogiamme were also made available and used in 
the programme. The Directoi had hoped to include one or two high 
school students along with the teachers to see how they responded to 
the new materials, but was unable to do so at the beginning 
The ones who joined late responded with keen interest in the 
piogiamme, 

At fiist too many pic-laboiatoiy directions were given, thus limit¬ 
ing the joy of discovery on the part of the paiticipanls. This was 
conccted, however, and cvciyonc was able to see the advantage of 
using the laboratory to investigate something that is not known and 
then coming back together proving results and finding what new 
information, wliat new conclusions could be deuved fiom the results 
of the expeiiments. This exciting new way to study chemistry as an 
experimental science is one of the experiences which will be taken 
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home and practised by the participants in then teaching of chemistry, 
Though we were unable to furnish all of the participants sets of the 
teachers guides and rcsouicc boohs, these will be sent to them as 
soon as more copies become available, Fioin conveisations with both 
the faculty and the participants, it becomes clear that most of them 
believe that much of the new approach and some of the new con¬ 
tent may be introduced into the chemistry pingrannncs as they now 
exist. Many of the participants, however, expressed the desire to 
have freedom to experiment fuithcr than they believe can he done 
in the present syllabus and examination system It seems clear that 
much of the material and the new approach of the CHEM-Study 
Programme may he used to advantage in modernizing the teaching of 
chemistry in India 

By Dr Donald D Starr, Visiting American Scientist 

The results of this first Chemistry Institute to be held in India 
were most gratifying. Admittedly the teachers pointed out their 
handicaps, a rigid syllabus, an external examination system, and 
poorly equipped laboratories, not to mention overcrowded classes and 
overworked instructors, but an interesting change developed over the 
eight weeks with most of the teachers. They began to see the vali¬ 
dity of this new strategy in approaching the teaching of chemistry 
as an experimental science—letting the students do the experiment 
first and then developing the needed explanations to enable them to 
understand why the chemical systems they observed acted the way 
they did, In short, most of them came to the perspective that 
“chemistry is what chemists do” and students in their first course in 
chemistry should get this exciting feeling that comes from participat¬ 
ing m a movement of mquiiy—the essence of science, 

“These CPIEM-Study materials in English will have great use¬ 
fulness at the pre-degree—first full year of a four-year B.Sc. pro¬ 
gramme after the 11th standard-level here in Maharashtra State and 
perhaps elsewhere, 

“This type of Chemistiy Seminar should he repeated and ex¬ 
panded to several universities throughout India for a gicater number 
of chemistry teachers.” 

By Participants 

Thirty-one of the thirty-eight participants in the Chemistry 
Institute responded to a questionnaire Below are summarized their 
responses to four questions A tally was made of the frequency of a 
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particular response Each tally refers to the number of participants 
indicating a particular idea The responses have been categorized 
topically. Responses to the four questions were as follows: 

I In view of the purpose of the Summer Seminar to up-grade second¬ 
ary school science education, which experiences m your Sum¬ 
mer Seminar do you value most? Why? 

The Approach 

(a) The subject-matter approach of the CHEM-Study boohs—8 

(b) Pupils have to understand more, memorize less. Avoids 

burden of unnecessary useless details—5 

(c) Descriptive pait is used to a minimum while stress on 

process involved is maximum—4 

(d) The introduction of modern concepts of atomic structure, 

energy changes, and the periodic table will be helpful 
to the students to understand the subject without any 
burden on memory—3 

(e) Treatment of subject is on particle model. Unimportant 

things arc omitted Within a short period of time, a 
student can understand much of chemistry—3 

(f) Have been enriched by the approach which differs totally 

from the old approach—3 

(g) Thinking and reasoning on the pait of students is given 

more importance, and chemistry as only memorization 
is done away with—3 

(h) The most advanced developments are explained very clearly 

such that a high school pupil can understand easily—1 

(i) Coming to know the chemistry material opened my eyes 

to the new approach of purposeful teaching of chemis¬ 
try in the modern context of an evergrowing knowledge 
of science and technology—1 

(j) While teaching, we should delete the unimportant details 

and conccntiate attention on the main points. While 
dealing with chemical equations, this principle must be 
used It would save tune and energy—it could be called 
a “break through” which was one purpose of the 
seminar—1 

(k) Method of study is experimental—1 
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Bringing up-lo-chitc 

(a) Prcsenlmg up-to-date inhumation on physical and organic 

chemistry with only necessary mathematics—G 

(b) Demonstrations by Icachcis provoke thinking, observa¬ 

tion, interpretation, and application of the concept—1 

Experimental Method 

(a) The emphasis on the practical and the teaching of the 

sub|ect by the observation of simple experiments leading 
to generalization—3 

(b) The practical tiaunng that 1 got is the most valuable because 

tins lias trained my own hand and it is likely that I may 
utilize this practical skill for the uplift of my own 
students—2 

(c) Practicals arc well airanged, particularly experiments m 

qualitative analysis and candle burning—2 
(cl) Various correlations between the theory and practical—3 

(e) Chemistry is an experimental science Pmctical work 

is entirely based on student observation and experimen¬ 
tation—2 

(f) We did the practicals ourselves. More and more experi¬ 

mental work should be given to the students—2 

(g) Experiments are so simple that they can he performed 

easily with minimum available material and equip¬ 
ment—1 

Demonstrations 

(a) The two lectures delivered by Dr Campbell and his model 

lessons—4 

(b) Demonstrations by the teachers piovoke thinking, observa¬ 

tion, interpretation, and application of the concept—1 


Evaluation 

(a) Evaluation is on basis of understanding—4 

(b) Memory testing is to be avoided—1 

(c) Achievement tests aie useful in a number of ways, for 

example- (i) the short duration of examination, (ii) 
quick answers, (iii) quickness in examining papers, (iv) 
correction afterwaids, (v) for showing dearly major and 
minor concepts—1 
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Films 

(a) The films shown wcic educative and inlciesting—4 

(b) The use of films helps much in undcistnmhng physical 

chemistry and chemical reactions—1 

(c) Films help a lot to make the subject easy—1 

(cl) The films—they were simply enchanting, especially the 
ones on incit gases and halogens, and on molecular 
stiucturcs and their spcctia—1 


Discussions 

(a) Mutual exchange of ideas and experiences—3 

(b) Discussions helped me to understand the different aspects 

of science leaching and to share my ideas with othcis 
and to clear my doubts—2 

(c) Knowledge of the type of education in a country like the 

U S.A and the comparison and contrast of the oppor¬ 
tunities available—1 

II. Using the pie,sent syllabus, can you see ways to introduce new 

content and new approaches in your classes 7 To what extent 
can you do this 7 Give an example 

Q nan tiintivc Re spoil ses 

(a) Yes, with the qualifications listed below—27 

(i) All of it—1 

(ii) Closely conclatcd 50%—2 

(in) Content and approach dO to 50%; Practical 40Ye—1 

(iv) To a limited extent 30 %—1 

(v) 25%—1 

(vi) No, not at all—4 

Quali t a five Res pan ses 

(a) The new content can be easily introduced using anv 

syllabus in the woilcl—1 

(b) Yes, most of the topics can be included—3 

(c) Yes, new content and new approaches may be included—2 

(d) Using the same syllabus and examination system, it will 

be vciy difficult foi a teacher to introduce the new 
approach—1 

Method Responses 

(a) For the chapters of the text covered in the syllabus, I can 



74 


SUMMER INSTITUTES AND SEMINARS 


not St! 1 ‘n.c^Jhi For 
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(b) To try it on an experimental batch of pupils—1 

(c) By anangmg science fairs and showing some of the inter¬ 

esting experiments—1 

Plans to use with teachers m mv own school 

(a) I shall share my experiences and materials with my col¬ 

leagues through a study circle—7 

(b) By group discussions—2 

(c) By loaning my set of boohs to the other teachers—2 

(d) Will use faculty meetings to make others understand the 

new approach to certain topics—1 

Plans to inform teachers m other schools 

(a) By talking to my colleagues—3 

(b) By organizing local seminars—7 

(c) I shall invite neighbouring teachers to observe work being 

done in my school—2 

(d) I may go to other institutions and demonstrate these 

experiences—3 

(e) By arranging lectures about this experience—5 

(f) By having some type of seminars on the district level—6 

(g) I shall share my experiences and the materials through 

the secondary school teachers association—3 

(h) A newsletter should be staitcd in which reports of pro¬ 

gress can be made—1 

(i) I shall write some articles for journals—2 

(j) I may even try to translate the materials into my regional 

language—1 

(k) We should try to translate the CHEM-Study tests into 

the regional language—1 

IV State some practical suggestions for impioving Summer Science 
or Mathematics Scminais in the years ahead. 

Suggestions Concerning Programme 

(a) There should be discussion about what things could be 

modified to suit the Indian situation—4 

(b) Demonstrations of teaching should include processes, ways 

and means, aids and other material required for actual 
teaching work m our schools—2 



76 


SUMM1R IN.STllU'tH AND SEMINARS 


(c) Some dcmnnstialion lessons should be aiumged by expert 

tcachcis using new inalciials to convince participants 
that new appioach can be as effective m teaching the 
punciplcs as the old approach—1 

(d) A hatch of students in the seminal would provide better 

training foi the teacheis—2 

(e) Scmrnai should be held when schools me at woik—1 

(f) There should he more discussions at end of lectures and 

practical These should be made stimulating—3 

(g) Results of discussions should be ispoiled by foitnightly 

bulletin— 1 

(h) Programme should be planned well m advance of semi¬ 

nar—2 

(i) More films should be shown These aic most helpful m 

imparting knowledge—3 

()) More emphasis should be laid on the construction of models 
and inexpensive materials—1 

(k) Study of course should go systematically right from first 

chaptei—2 

(l) Practical work suggested for each chapter should go side 

by side with chapter, also films—2 

(m) Since teachers are graduates and some post-graduates, 

there should be emphasis on self-study and gioup dis¬ 
cussions—1 

(n) Stress should be laid on practical aspects, not lectures—3 

(o) Observations and conclusions of all experiments should be 

discussed by the whole gioup—1 

(p) Methodology of approach in the classroom will aid parti¬ 

cipants—1 

(q) More stiess on methods of teaching by actually assigning 

lessons—1 

(i) Achievement tests should be administered immediately 
after the study of a gioup of chapters—1 
(s) Achievement tests should he constructed by participants—1 
(tj Moie libiaiy facilities should be given—1 
(u) Have “popular talks” on modern current topics of scienti¬ 
fic advancement—1 

Suggestions Concerning Staff 

(a) There must be an expert in education on the staff, He 
will he able to suggest method of transfer of knowledge 
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to young hoys in a belter way—4 

(b) Teachers horn tunning colleges should be invited lo dis¬ 

cuss the new ajrpionch—4 

(c) Moic Amciie.ni experts should be called These should 

all be experienced m the new material—3 

(d) Some Midi teacher from U S A should be sent to parti¬ 

cipate who has actually t.niicd out this type of expeu- 
mcntation in schools—3 

(c) Teachers from different universities who have specialized 
in the chfleicnt sections of the subject should be entrust¬ 
ed to deal with different topics—2 
(f) Staff should share lodging and hoarding with the partici¬ 
pants Tins will bung about good iiilim.icr between 
them—1 

Tune and Place Considerations 

(a) Organize seminars at state le\d oi area-wise so that mine 

tcaeheis can he benefited and less expense mem red—1 

(b) Hostels should be near the Icctuic-lab situation—1 

(c) Period of seminar should be one mouth—1 

(d) Site of seminal should be away from cities--1 

(e) When participants arc m a seminar for a long time, some 

recreational anangcmcnls should be made to lessen bore¬ 
dom and keep it ever interesting—1 

Othci Suggestions for Improvement 

(a) Let the present participants have a chance to participate in 

the next year senumus They can offer theii expeiiencc 
as follow-up—2 

(b) Only teachers engaged in teaching elective science should 

be called for seminar for some time—2 

(c) Participants should come only fiom higher secondary 

schools and multi-pmpose schools—1 
(cl) Apait from rcgulai application, tlieic should lie a question¬ 
naire or interview for the applicants regarding science 
teaching, so that only those interested may he chosen—3 
(c) Let moic teachers he benefited by such seminars—2 

(f) Some participants should be given moic advanced training 

to be bettci advocates of CI-IKM Programme—1 

(g) Some participants should be selected from B.T training 

colleges—1 
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(li) Ncccssaiv htculnre dinuM be m the hands of participants 
ahead ot time—4 

(i) Participants should be mfmured at least If clays tn one 
month before the dale a! xinmiai- 2 

(]) We should use out Mllubus as a stall, disum ideal situa¬ 
tion, and prepare lest in eimpeiabon--! 

(k) Send texts at least two mouths m advauee to those who 

arc selected Engage local pwfessms to give lectures 
and some expemnenls Then paiticipants can convene 
and have much shmtci scmmais—l 

(l) Introduce CIIEM-Study in a few cxpeiuncntal schools and 

watch the results—1 

(m) Examination system should he changed—J 

(n) Medium-wise scmmai should be conducted, e.g, different 

language media in diflcient seminars—2 

(o) If speeches of eminent teachers in the field were put on 

tape, participants could get a change to leproducc them 
in the hostels—1 

(p) There must be some committee to supervise as well as 

encourage and aid in the follow-up piogiamnie—2 

By G Y, Dixit (a participant)* 1 
Reactions of the Participants 

The participants of the seminar in Poona had the third edition 
of the text for review and study. The participants at first felt that 
the standard of the text would bo too high foi the students of then 
schools. But after careful leading of one chapter after anothei, how¬ 
ever, the apparent reactions against the text yielded to passive appre¬ 
ciation and finally to active consideration of how best it could he 
worked out for Indian students. 

Approach of the Text (Dynamic and Practical) 

CHEM-Study approach is radically diflcient fiom the liadilional 
one. The latter gives moic stress on the description of elements and 

-ftfh compounds—their occurrence, manufacture oi preparation, pro- 

peAtics and uses—while the foimcr emphasizes the processes involved 
in epemistry. The knowledge in chemistry, as also that in other 
scicn ecs, is growing at a fantastic rate and it is nearly impossible to 


*E«racA f r0 ® article entitled, “Summit Seminar in Chemistry Study,” Progress 
oJEducJlttw, 37, (12) . July 1963 
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encompass it in one single textbook m chemistry Hence, it (lie sub¬ 
ject is to be studied, il must lay moic sticss on the uimcisal con¬ 
cepts lalhci tlun on just describing llic cnoimous knowledge acquucd 
after paticnL icscaich This is cnl.unly a bold and compelling 
approach which no nation desirous to be up-to-date in science can 
afford to neglect The ClIKM-Sludv lias giaspcd this appioach and 
is trying to woik it onL fm the benefit of the Inline gcncialions of 
the world 

The method of acquainting students with this couisc is that of 
experimental study of dilTcicnt topics together with class demonslia- 
tions by the teacher Students have to pciform a number of experi¬ 
ments from which they have to deduce conclusions. It is interesting 
to note that these experimental results aic embedded in the discussion 
of the text-matter Thus, there is a well-calculated coordination bet¬ 
ween theory portion and practical woik 

From the foregoing account, it will lie clear that this is not the 
chenustiy that we aie teaching to sccondaiy school chikhcn in our 
country A very thought-provoking question before the participants 
of the seminal was. “Why should we not teach chemistry m tins 
way (and also, bow can we introduce it m our schools)?” 

Some Significant By-PioducLs 

The seminar oflcicd a very good oppoi trinity for the secondary 
school tcachcis of various Stales to discuss the educational patterns 
that exist m various schools It was ralhci strange to find that differ¬ 
ent patterns of secondary education cxisL in the States of India. All 
the participants felt that thcie should be a uniform pattern for edu¬ 
cation if all have to cooperate to evolve a better syllabus m this sub¬ 
ject which is in many eases taught in regional languages as well as in 
others, for the whole nation. 

All the participants appreciated the utility of such a Summer 
Institute, Such an activity undoubtedly lefieshcs their knowledge 
about the subject and also gives them the benefit of discussions about 
the problems of education. An exchange of ideas and broadening of 
views arc the desired benefits, lending a new outlook 
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R C MAJUMDAR* 

The Sunnnci Institute was inaugural eel by l )i D S, Kothari 
on May 14,1963 llcgulai woilc started liom May 15, and continued 
to July 13, 1963 Forty-two teachers fioni dillcrcnt parts of India 
came to participate in the Institute 

As regaids the course ot lectmcs given to the participants, it was 
decided by the Director, after meetings with the staff members of 
the University Physics Department, the representatives of the Univer¬ 
sity Grants Commission, and the representatives of Columbia Uni¬ 
versity (U S.A.) associated with the Institute, that it should be divid¬ 
ed into two categories, one dealing exclusively with the higher second¬ 
ary syllabus, and the other with modern developments m physics. 
The lectures in the first category wcic essentially of the nature of 
seminars m which school Icachcis had thoiougli discussions on the 
fundamentals of their subject and the difficulties associated with pre¬ 
senting it in an effective manner to (lie students They weic also 
designed to impress upon the participants the changing trends m 
physics teaching all over the world on account of the vast expansion 
of the subject in the last few decades and the need to cope with this 
expansion. In this connection, the Physics volume prepared by the 
PSSC (USA) selves an admirable purpose; it was, however, felt that 
this textbook could not be fully adopted m oui schools, primarily 
because of its too qualitative a cliaiactcr. The standard of the physics 
course m our schools must necessauly be such that it makes for a 
smooth transition to the university stage. 

The second category of lcctuies (dealing with recent develop¬ 
ments m physics) was considered necessary m order to give to the 
participants a glimpse of the important new discoveries m the sub¬ 
ject, and thereby arouse their interest in the study of some of them. 
This, it was hoped, would not only make for gicatei efficiency m im¬ 
parting instruction hut also provide vanation fiom the monotony of 
routine work 

*Dr. R C, Majumdar is Professor and Head of the Department of Physics, Delhi 
University, Delhi. 
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Topics included in the two ealcgniics of lee lines ,md Ihe imin- 
ber of lcctuics m each me given al the end 

As in the case of thcoiy lectincs, lahoialnn wmk Im Ihe paiti 
cipants was also divided mlo two classes (il Simple clcmuilaiy ex- 
peiimcnls that could he built out nl Hie hits supplicrl by the ffS 
AI.D, and (n) Advanced cxpeiunenls The atKaneetl espenmeiils 
were introduced because it was tell that m addition lo knowing Hie 
simple, scmi-quantitativc lot cxpcmnenls, the paiI ic ipauls at the In¬ 
stitute should also have sonic fumiliunh with the lctined tvpes of 
apparatus used for highly aecuiate ineasiucmcnts, and willi the 
modem novel tcchrnqucs employed in experimental Nucleni Physics 
and Elcmcnlaiy Pm tide Physics A list ol the advanced experiments 
follow. 

A number of lectures on the methodology of physics leaching 
had also been airanged Instinctive films denionslialmg eeitain 
basic pmiciplcs of physics wcic shown to I lie paiticipants almost 
every day. A list of films follow al Ihe end of mv icpoil 

The participants icccived liammg in woilcshop piaetice in Hie 

University woikshop Tleic, each one ol them cluphcalcd six of Ihe 
kit experiments. These duplicate lots and also sonic of the lots pur¬ 
chased locally wcic taken by the pailicipanls lo llien lcspectivc msli- 
tutions Airangcmcnts vveie mack lot the pailicipanls lo visit Ihe 
National Physical Laboutoiy, the Indian Agricultural Reseaicli Insti¬ 
tute, the McLcoiological Ohseivatoiy and the All India Radio Tele¬ 
vision Studio. 

The participants were housed m the Gwyer T tall of the Uni¬ 
versity, each occupying a single loom with a fan. Arrangements for 
their brcakfasl, lunch and dinner w'Cie made in the I fall itself Every 
effort was made to make their stay computable 


Principles of Physics 

8 lectures. 

Story of Elections 

6 lcclurcs 

Dimensional Analysis and Theory of Errors 

6 lcctuics 

Physics of Ihe Nucleus 

6 lcctuics 

Atomic Physics 

12 lcctuics 

Electricity and Magnetism 

14 lectures 

Elementary Particles 

8 lectures 

Supei fluidity and Supcr-Conductiuty 

6 lectures 

Sound and General Properties of Matter 

8 lcctuics 
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Mossabaucr Effect and Paiity 6 lectures 

Optics 10 lectures and 4 seminars 

Heat and Thermodynamics, and Physics of 

the Cosmos and Plasma Physics 12 lectures 

Methodology of Physics Teaching 10 lectures 

Mechanics 5 lectures 

Advanced Experiments 

1, Elastic constants of glass by Cornu’s Method. 

2, K by Lee’s method. 

3, Michelson Inteifeimotei, for Na or Hg lines, and ‘d’ for 
Na yellow lines. 

4 Hg-spectium constant deviation spectrometer. 

5. Biprism; thickness of a mica sheet. 

6 Magnetic susceptibility by Quincke's method. 

7. Triode Characteristics. 

8. Thyratron. 

9. Hall effect. 

10 Spart counter, Range of sign particles 

11. Characteristics of a G.M. Counter and absorption of 
sign lays. 

12. Millikan’s expeument; determination of e. 

13. Determination of e/m. 

14. Scintillation spectrometer. 

15 Investigations of elementary particles by emulsion tech¬ 
nique. 


PSSC Physics Films 

Pait I —The Universe 

1. Time and Clocks 

2. Short Time Intervals 

3. Long Time Intervals 

4. Measuring Large Distances 

5. Measuring Short Distances 

6. Measurement 

7. Change of Scale 
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8 Straight Line Kinematics 

9. Vectois 

10 Vector Kinematics 

11. Definite and Multiple Piopoilions 

12. Elements, Compounds and Mixtuies 

13. Ciystals 

14. Behaviour of Gases 

Part II — Optics and Waves 

1. Intioduction to Optics 

2 Pressure of Light 

3 Speed of Light 

4 Simple Waves 

5. Sound, Waves in Air 

Part III — Mechanics 

1. Forces 

2. Inertia 

3. Ineitial Mass 

4. Free Fall and Projective Motion 

5. Deflecting Foicc.s 

6. Periodic Motion 

7 Frames of Reference 
8. Solar System Kinematics 

9 Umveisal Gravitation 

10, Elliptical Orbits 

11. Energy and Woilc 

12, Mechanical Energy and Thermal Energy 

13, Conservation of Energy 

14. Collision of Hard Sphere 

15. Elastic Collision and Stored Energy 

Part IV —Electricity and Atomic Structure 

1. Coulomb’s Law 

2. Millikan Experiment 

3. Coulomb’s Force Constant 

4. Electric Fields 

5 Electncal Lines of Force 

6. Counting Electrical Charges in Motion 
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7. A Magnet Liboiatoiv 

8 Elections in a Unilmm Magnetic Field 

9 Plioto-Klcctuc Effect 

10 Photons 

11 Electrical Potential Energy (Pail 1) 

12 Elcctiical Potential Kneigy (Part 2) 

13 Matter and Waves 

14 A Million in One 

15 R M F. 

16 Elementary Chaigcs and Transfer ot Kinetic Energy 
17, Ruthcrfoid Atom 

18 Frank-licit?, Experiment 

19 Mass of the Electron 
21 Intcifcrcncc of Photons 

20 Electromagnetic Waves 

B EVALUATION 

By Members of the Coordinating Committee 

The Summer Institute in Physics, 1963, at the Physics Depart¬ 
ment of the University of Delhi was planned to stress a review of 
advanced physics courses and lectures describing recent developments 
and research Less than half of the time was spent teaching the 
PSSC course. 

This Institute was somewhat longer than the other Institutes, 
being of 9 weeks duration because of the extensive content presented. 
The content of the traditional poition of the Institute was given in 
lectures and in laboratories using high precision university physics 
apparatus. 

The materials for the entire PSSC Physics programme were pro¬ 
vided, Each participant was given a PSSC Physics text, a foui volume 
Teacher’s Resource Book and Guide set, a student Laboratory manual 
for physics and seveial of the 24 volumes of physics reference books. 
The entire set of 54 physics experiment films and 10 complete sets of 
laboratoiy kits were available Although nearly all of the PSSC 
laboratory experiments were done, the use of the remainder of these 
available resouices was limited largely to the sections studied by the 
PSSC approach. 

Many of the students never absorbed the spirit and philosophy 
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of the PSSC couisc, they did not follow the appioaeh of going to the 
laboratory to experiment m an imestigaton manner, and then 
developing conclusions fiom these expcumenls m discusMons and 
seminars 

However, all the participants weie e\tienie!\ enthnsiaslie .iboul 
the new labonitorv piogiamnie They approached the new experi¬ 
ments with cuuosity and an eagerness to loam hr the exploratory 
method Almost all the participants appreciated the depth and 
cleverness of the seemingly simple experiments Out of 52 PSSC 
experiments, 40 were completed. 

The workshop program me also was a gicat success. IIcic each 
participant was given the basic materials and taught how' to make 
six pieces of the new' apparatus that were introduced through these 
PSSC expemneuts These weie the npple tank, the straw balance, 
the stroboscope, the recording tunei, the “lehaetion ol particles’ 
simulation, and the range finder 

One participant remarked, foi example, that a practical syllabus 
based on use of uppaiatus made by students themselves will be in¬ 
finitely more beneficial than one based on intricate facLory made 
machines, for indeed, making of an apparatus itself enlightens the 
students, for example, one who spends a few minutes in making a 
Soda Straw balance discovers for himself the law of moments'. 

Approximately 20 of the 54 PSSC experiment films that were 
■available were shown. These weie the films related to certain sec¬ 
tions of the PSSC text; 

Part I— 1 The Univcise—Chapters 1 to C only 

Part II—Optics and Waves—All 9 chapters 

Part III—Mechanics—Chapters 20, 23, 24 and 25. 

The outline ol the content of the PSSC Physics text and the 
list of Student Laboratory Experiments is given in the description of 
the PSSC Physics Pmgiamme, Part I, item 2 of this report. 

It was only in the study of Part II, Optics and Waves, that the 
participants experienced the unified approach of the PSSC Pro¬ 
gramme—where the laboratory and experiments on films were used 
in connection with class discussions, seminars, lectures, and the use 
of the text and the PSSC library of resource books m physics 

Foi future institutes, it is suggested that there should be only a 
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limited number of lectmcs on recent developments in physics, and 
that too of a standard which could be nndcislood by the piuticipants. 
A unified piogrammc, such as the PS SC Pmgmimnc or a modifica¬ 
tion of it adapted to the backgiound and skills of Indian students, 
should be followed in futuic Institutes 


By Dr Kenneth Baker, Visiting American Scientist 

I address my remarks in this report chiefly to those colleague phy¬ 
sicists who have been associated with tins first experimental effort at 
Delhi, and to Dr. Kothan and other members of the Indian Univer¬ 
sity Grants Commission who have made the Institute possible The 
remarks of course apply only to the Physics Institute. 

I came to India uninstructed knowing only that Physics PSSC 
Summer Institute was in session. Admittedly, six weeks is all too 
short a time to become well informed. Nevertheless, I have made 
observations and drawn conclusions I hope they will be of some 
aid to you in your further decisions. I offer them because physicists 
thioughoul the world have a common desire for good physics If 
we are to have good physics, then we must have up-to-date tunning, 
enthusiastic teacheis, and a steady supply of students sincerely in¬ 
terested in physics 

The Physics Institute at Delhi 

A complete set of PSSC materials including textbooks, guides, 
films and laboiatory equipment was provided for the forty-two parti¬ 
cipants m the Institute Approximately 33 per cent of the schedul¬ 
ed lecture time (including the reduced time available m June) and 
50 per cent of the practical (laboratory) time was available for PSSC 
training. The remainder of the participants’ time was spent on 
special lectures Twelve different lecturers are listed on the sche¬ 
dule and at least one additional lecturer actually appeared. The 
average number of lectures per lecturer was, therefore, roughly'clevcn. 


The Revision of Science Teaching 

I know at this time of writing that India has decided to write a 
new textbook foi secondary school physics. This, coupled with the 
existence of the piesent institutes indicates an intention to make 
changes in secondary school science teaching. 



SUJVMLH INSmurt IN PHYSICS 


87 


A change m science leaching n quncs mote Ilian a new textbook 
It requites the levision of labouiloiies (ie “piaclicals"), the design 
of laboiatoiy equipment, the liinmifactmc of labmalmy equipment, 
the preparation of .suppleinentaiy material fm sliulenl'i, the piep.ua- 
tion of aids foi leaclicis, the revision of cumtula, and a slndy of toil¬ 
ing procedures 

Possible Courses of Action 

One way of revising secondary school science would lie to adopt 
a unique Indian approach A unique Indian appioath (undcislancl- 
ably desirable m an cmciging nation I Null icquuc time, greal cfloit, 
and money If India decides to follow her own course then sum¬ 
mer institute should be oigam/ed only when al least the preliminary 
versions of all facets of the new maternal aie available. 

I strongly recommend that if an Indian approach is to be made, 
then, for example in physics, outstanding voung plnsiusts ami out¬ 
standing secondary school tcachcis should be cneouiaged to shoulder 
the rnajoi poitinn of the task. 

A second way of revising secondary school physics would be to 
adopt a complete PSSC approach A completely Ametiean approach 
would be at once easv and again difficult It would be easy m the 
sense that adoption of PSSC Physics would mean that the difficult, 
detailed, planning and dcxclopmcnl could he aumlcd Much saving 
of time, efforL and money could be eflceted. The problem of the 
manufacturing (but not (lie designing) of lahoratoiy equipment still 
remains, siucc cimcncy lesluclion ]iievents its pmehase fiom Ame¬ 
rica A further difficulty of spiending the material over tlncc years 
in Indian schools should not be inhibiting since school time available 
is apparently less, the PSSC text is long, and extra chapters aie 
already in print, or there is no reason why this material could not 
simply lcplacc picsenl class XI physics 

A thud possible approach would be to use an Indian textbook 
and PSSC type equipment. This “combined” approach is danger¬ 
ous because it is vciy likely to be inicomdiiuled. Altiactnc though 
this approach might appeal, I believe it should he avoided. Summer 
Institutes would lie of little help until, again, the total piogrammo 
has been completed. 

If India feels, or if Indian physicists feel, that revision is urgently 
needed (and a stiong sense of urgency is paiticulaily evident among 
the 42 secondary school teachers and among some of the university 
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staff, 1 ha\c met) then a decision on what is to be clone must be 
made Natmalh, I am |)ic]udieul Inward the PSSC pond of view 
But chiefly because I feci Indian pin mis needs d and cumy ac.it of 
clelav affects a vein's production of students, and poslponcs the hope 
of modern developments m all ol Indian plnsies 

Once the decision is made on wluil is lo be done, then the pur¬ 
pose of the Summer Institute can he dclcnnincd 11 the decision 
for PSSC Physics is made, then Amciicans can be of great help. 

The Purposes of a PSSC Pin sics Summer Institute 

In a PSSC Physics Summer Institute, the pailicipants arc literal¬ 
ly “led bv the nose” through the PSSC material Only if this is 
clone, can they succcsfttlly teach it the following year 

Advanced lectures are held to a minimum and me coordinated 
precisely with the material in the text Tor example, an advanced 
lecture on the theory of error can occm at the time significant figures 
arc discussed, or the mathematical determination of ihe energy crite¬ 
ria fox possible mbits in an mvcisc square force field can fmm an ad¬ 
vanced lee Lure or two when Rutherford scattering is discussed in class, 

All pioblems in the text arc solved by or discussed with the 
teachers Not only do these problems extend their knowledge but 
they are designed to make them think, rather than numerically eva¬ 
luate variables in rote formulas. 

Careful attention is paid to the practical* They often must be 
done before the student (teacher) meets the material in class The 
stress is on observation first, speculation later, not definition first and 
numerical substitution later 

In short, in a PSSC institute the majority of a participants time, 
perhaps as much as 85 or 90 per cent is spent on PSSC materials, 
textbook, and approach 

By Participants 

Thirty-nine of the forty-two participants in the Physics Institute 
responded to a questionnaire Below are summarized their responses 
to three questions A tally was made of the frequency of a particular 
response Each tally refers to the number of participants indicating 
a particular idea Single responses or lirevelant responses were omit¬ 
ted The responses have been categorized topically. The responses 
to the three questions were as follows: 
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I in view of the pm poses of flic seminar lo upgrade secondary 
seliool sciente uluc.ilion, which exponent es m voni siumner 
seminal do sou v.ilm most 7 WhC 

The PSSC Programme 

(a) The l.ibouloiy using the PSSC inexpensive ecjuipmcnt--36 

(h) The PSSC com sc as piesenled in the text and in lee- 
tines—13 

(c) The PSSC films ot physics experiments—" 

(cl) The workshop where PSSC equipment was made—2 

The Traditional PJiv:sics Programme 

(a) Leduies in Advanced Physics—8 

(b) Laboiaton experiments using precision instruments—] 


Visits lo Scientific Institutions 

II Can the prachc.ils sou have expenenced I Ins snminoi he used 
m voui classes’’ To wlial extent can sou use them 7 Give 
an example, 

The frequency ot 3 es. No and I n Some Extent Responses 

(a) All the PSSC cxpei iments can he used—17 

(b) None of the PSSC cxpei iments can he used—8 

(c) Some of the PSSC expcinnents can be used—14 

Examples ot Experiments that Can He Used Cited h\ Respnndces m 

(c) above 

(a) Short time intervals 

(b) I,aigo Distances 

(c) Motion-Speed and Aeceler.ilion 
(cl) Small Masses 

(e) Reflection fiom a Plane Muror 

(f) Images tomicd In a Concave Mmoi 

(g) Refraction 

(h) Images formed by a Converging Lens 

(i) Pulses m a Ripple Tank 

(j) Periodic Waves 

(k) Refraction of Waves 



90 


mimmuk iNsrrioTis and mminars 


(l) Waves and Obstacles 

(m) Waves fioiit Two Point Soiuees 

(n) Interference and Phase 

(o) Changes 111 Velocity with a Constant Force 

(p) The Dependence d Accelcialiou on h’oice and Mass 

(q) Momentum Changes m an Explosion 
( 1 ) The Cait and the Brick 

(s) Slow Collisions 

(t) Changes in Potential Energy 

(u) The Energy of a Simple Pendulum 

(v) A Head-On Collision 

(w) Electrified Objects 

(x) The Mass of the Electron 

III. State some practical suggestions for improving summer science 
or mathematics seminars in the years ahead 

1. Advanced information about the couiscs should be provided 
to the participants—22 

2. There should be small group seminars in which the parti¬ 
cipants may internet with faculty—11 

3. The instruction m the institutes should be in accordance 
with the piesent secondary school syllabus—9 

4 The programme of the institute should be limited to the 
PSSC programme only—5 

5. Moie tune should be spent in the workshop making the 
PSSC apparatus—11 

6. The institutes should be organized on a regional basis rather 
than on an all-India basis—6 

In summary it may be said that the PSSC Physics piogramme 
with its new approach, content, experiments with simple appaiatus, 
experiments on film and its library of msourcc books wcic pictcircd 
by the participants. 

Some of the participants were of the view that all of the PSSC 
experiments can be employed in high school teaching. However, 
consensus of opinion was that unless the piesent high school syllabus 
is revised in the light of the new PSSC appioach, the chances of in¬ 
cluding many of these experiments is slim. 

It is needless to say that the participants enjoyed the Summer 
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Institute and want lo be a part of similar institutes m the future in one 
capacity 01 another Some suggested that they should be included in 
future Summer Institute? as faculty; otheis that they should become 
a part of the stall of some of the regional colleges. 

By a Participant 

The science cuinculum is bookish and theoretical It is over¬ 
crowded without providing uch and significant content, Curriculum 
is lo be airanged in older to make provisions foi practical and other 
activities that the pupils may become active participants in the learn¬ 
ing of science 

The using of simple and cheap apparatus modelled by the PSSC 
scheme will help science teaching vciy much. The apparatus is so 
simple and the materials which go into the function of them are so 
inexpensive that every school can afford to have a good stock of scien¬ 
tific materials with less investment 

This Seminar in Physics is a gicat success With a little more 
of planning and changes suited to the requirements of actual science 
teaching and methods of science teaching, this seminar would prove 
better Here, we the participants of the seminar are getting up-to- 
date and detailed information about this subject, theoretical as well 
as practical As the paiticipauts are galheied fiom different parts of 
India and as they are housed comfoitably in the same campus, we 
are having a raie and golden opportunity of discussing the problems 
and conditions of science teaching in various States, Such 
seminars will suicly help the teachers a long way to have an under¬ 
standing of the real problems in science teaching 



SUMMER INSTITUTE IN MATHEMATICS 
RAMjAS COLLEGE 

a D GUPTA* 

This Summer Institute was a unique educational pmjcct in the 
sense that it was the first experiment of its kind in which teachers 
from schools, colleges and universities made a concerted and combined 
effort to leoncnt the cmriculum and methods of teaching mathe¬ 
matics Mathematical inslinotion in 0111 schools has remained sta¬ 
tic for decades and we are at least lift} veins behind the times This 
time lag, if allowed to continue, is likclv to hamper our progress m 
the fields ot science and technology Them arc certain basic con 
cepts, the understanding and appreciation of which arc essential to 
the development of mathematical education from the earliest stages, 
These have to be stressed at every appropriate occasion through the 
school course so that the attitude towards malhcmalics may be m 
keeping with the modem spirit of the subject 'Plus will involve a 
complete overhauling of the school syllabi, preparation of suitable 
textbooks and other reading material and refresher courses for the 
teachers. This Institute was intended to meet these requirements 

The principal objectives of the Institute weie 

i) to impiove the subject niattei competence of the parti¬ 
cipating teacheis, 

ii) to give teachers a better understanding of some of the 
basic concepts of modern mathematics, 

iii) to strengthen the capacity of the teachers for motivat¬ 
ing able students to develop an aptitude for research, 

iv) to stimulate the interest of teachers by bringing them 
into contact with prominent men in the field of their 
study, 

v) to promote greater understanding and appreciation of 
each other's teaching 

vi) to increase their skills as teachers and their ability to 
inspire their students. 


*Dr. R. D. Gupta is Principal of Ramjas College, Delhi University, Delhi. 




Ds\ K, L Shnmali, hducaiton Munster, visiting the M a the malic s Institute 
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Inauguration 

The Institute was inangumlcd on Mnv 16, 1963 by Dr K L 
Shrimali, Lhe Iloiiomablc Mimstei foi Education, Govcimiicnt of 
India Di D S Kothaii, Chan man Umveisilv Omuls Commission, 
presided. 

Di Slirimali m hi.s mangmal addiess called upon the delegates 
to discuss and pondci over vauous pioblenis of mathematics teach¬ 
ing. In paiticular, lie pointed to the huge muiibei of failmcs in the 
subject and wished that an institute like this could think ovci this 
problem and suggest improvements in the teaching methods to ic- 
medy it 

Piof R. S. Varma. Head of the Department of Mathematics 
and Statistics, University of Delhi, stiessed the need for reorienting 
the teaching of mathematics in schools Prof Ram Bchari, DR J. 
Paul Lconaid and Principal Shanti Naray.m also spoke on the occa¬ 
sion 

THE PROGRAMME 
Institute Lectures 

Courses of led ill cs wcic airangcd on various topics, two lectures 
of 75 minutes each being held every day The lectures were follow¬ 
ed by useful and lively discussions, 


Name of the Lecturer 


Topic 

No. of 
lectures 

Dr, E P Starke, 

i) 

Introduction to 


Professor Emeritus, 


Probability 

6 

Rutgers, The State 

ii) 

Introduction to 


University, New 

Jersey, U S A, 

Real Functions 

7 

Sim Shanti Nmavail, 

i) 

Set Theory 

3 

Principal, linns Raj 

ii) 

Algebra 

8 

College, Delhi 

ni) 

Oeomelry 

7 

Prof J N. Kapm, 

0 

Nature of 


Head of the Department 


Mathematics 

3 

of Mathematics, 

ii) 

l he Applications 

Indian Institute of 


of Mathematics 

4 

Technology, Kanpur. 

hi i 

Basic Concept of 
Statistics 

2 
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4. Slni D. B Gupta, 

Lecturer in Economic 
Statistics, Ramjas 

College, Delhi. 

SlahslRs 

6 

5 Shri J. D. Gupta, 

Lecturer in Mathe¬ 
matics, K, M. College 

Delhi. 

0 Vector Algebra 
ii) Trigonomcliy 

3 

1 

6 Shri Sahib Singh, 

Lecturei m Mathematics, 
Institute of Post-Graduate 
Studies, University of 

Delhi, Delhi 

Theory of 

Numbeis 

5 

7. Shri Mohan Lai, 

Plead of the Department 
of Mathematics, 

P- G. D A. V. College, 

Delhi, 

Geometry 

3 

8 Shri P. D, Gupta, 

Principal, Ramjas 

College, Delhi. 

Geometry 

3 

£ctafa S ' nga1 ’ ;} jj"" bcr S y stcra 

3 

6 

2! 

Special Lectures 



The following special lectures 
P Prof. Ram Eeliari, 

Director, Correspondence 
Courses, University of 

Delhi, Delhi. 

wcic airanged: 

Non-Euclidcan Geometry 

1 Pr of. R. S. Varma, 

Head of the Department 
o Mathematics and Statistics, 
University of Delhi, Delhi. 

Need for a new approach to 
teaching of Mathematics at 
different levels 
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3 Prof u. N. Singh, 

Head of the Department 
of Mathematics, Baioda 
Umveisity, Baiocla. 

4 Dr D N, Misra, 

Reader m Mathematics, 
Univeisity of Lucknow, 
Lucknow. 

5 Dr I. N Sinha, 

Reader in Mathematics, 
University of Bhagalpui, 
Bhagalpui. 

6 Dr A. C Choudhary, 

Readci m Mathematics, 
University of Calcutta, 
Calcutta. 

7. Dr. N E, Bingham, 

Science Education Consultant 
T. C. C. U. Team, IJ S.A 1 D 


Rigoui in Mathematics 


Set Thcoiy 


Importance of 
Pure Mathematics 


'Flic Spirit of 
Modern Mathematics 


Summer Institutes in the 
U.S.A. 


Group Discussions 

A discussion period extending over one hour and a half was a 
daily feature of the Institute. In addition to discussions on lectures 
the material fiom S.M S G. books on various topics was also discus¬ 
sed m detail Some of the topics on which discussions were held 
weie: 

a) Algchia 

Factois, Radicals, Polynomials, Rational Expressions, 
Tiulh sets of open sentences. Polynomials in two vari¬ 
ables, Systems of open sentences, Quadratic Polynomials, 
and Functions. 

b) Geometry 

Definitions of hues, segments and rays etc,, angles, and 
congruence. 

c) Others 

Teaching of Authmctic in Secondary Schools, Teach¬ 
ing of Algchia in Secondary Schools, Teaching of Graphs 
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in Secondly Schools, and Changes m Curriculum in 
Mathcinatics m the Secondary Schools 


In addition a mint session of the delegates to the Summer Irish- 
tutc of Mathematics and the Sixth Summer School of Mathematics 
was held on Saturday May 25, 1963, at Hans Ra, College, in which 
ihe participants to the Institute presented the existing syllabi in 
LfemS m lugher secondary schools nr then rcspectrve states 


Book Reviews 

Reviews of the following boob of the ‘New Mathematics Library' 
series were presented by participants: 

1. Numbeis: Rational and 
Irrational. 

2. The Lore of Laigc Numbers 

3. An Introduction to Inequalities 
4 Geometric Inequalities 

5, Uses of Infinity 

6, Geometiic Transformations 

7, Graphs and their uses 

The presentations evoked gicat interest and led to useful discus, 
sions. 

Recreational Mathematics 

Shri D. R Kapickar of Dcvlali talked on ‘Dcmlo Numbers’ 
‘Magic Squares’ and ‘Arithmetical Puzzles’. 

Film Shows 

The following films were exhibited though the courtesy oE the 
United Stales Information Service: 

1. Velocity of Light 

2. Photons 

3. Fiame of Reference 
4 Coulomb’s Law 

5. Straight Line Kinematics 
6 V ectors 
7, Simple waves 



summer iNsrnmE in mathematics 


97 


Reading Materials 
Books 

The following School Mathematics Study Group books from 
U.SA were supplied to each participant along with commentaries 
for teaclicis The leetiues on algebia and geometry were mostly based 
on the S M S G books 

Intioduction to Algebra—Volumes I to IV 
Geometry with Cooidinalcs—Volumes I to III 

Seven sets of New Mathematics Libmry series consisting of the 
following ten books each were also distributed among the partici¬ 
pants' 

1, Numbers Rational and Irrational by Ivan Niven 
1 What is Calculus About 7 by W W Sawyer 

3 Introduction to Inequalities by E Beclcenbach and 
R Bellman 

4 Geometric Inequalities by N, D. Kazarinoff 

5 The Contest Problem Book Problems from the Annual 
High School Contests of the Mathematical Association of 
America, compiled and with solutions by Chailes 
T Salkind. 

6 The Lore of Large Numbers bv P J Davis 

7 Laws of Infinity by Leo Zippin 

8 Geometric Tiansfonnatioiis by I M. Yaglom, 
translated from the Russian by Allen Shields 

9 Continued Fractions by C. D Olds 

10 Graphs and Their Uses by Oystein Ore 

Cyclostylko Lecture Notes 

The fallowing notes were cyclostyled and distributed to the parti¬ 
cipants to supplement the classroom lectures 

1 Revolution in Mathematics 
by Prof M, TI Stone, 

2 Art and Mathematics by Nathan 
Altslullcr-Court, 

3 Basic Concepts of Set Theory—by Dr. M K, Singal. 

4, An Introduction to Real Functions by Dr. E Starke, 

Collection of Data by Shri D, B. Gupta, 

6, Probability by Dr E Starke, 
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7 Thoughts about MatliL'nulics 
collected by Di J N ICipui 
8. Matrices by Di M K Singal 
9 George Book 

10 Extract hom the Report of the IX Annual Mathematics 
Institute, Rutgcis, U S’ A, held in 1961 

11 Evtracts from the Report of the X Annual Mathematics 
Institute, Rutgcis, US,A., held in 1962 

Library 

A small librnTV of about bundled boobs on modern mathematics 
was set up for the use of the pailicipants Arrangements were also 
made to enable them to bouow books fiom the Ramins College 
library 

Social Activities 

A number of social activities were auanged The participants 
made a two-day excursion to Agra, Fatelipur Sikri, Mathura and 
Brindaban, where they visited the important historical buildings and 
famous temples. They also went on a sight-seeing tour of Delhi and 
visited all the important places of interest. An excursion to 
Bhahra-Nangal Dam, Rashtrapati b ha wan and Moghul Gardens were 
also arranged, 

Suggestions for further Institutes in Mathematics. 

1. The duration should be from four to six weeks 

2 The selection of delegates should be made at least six 
months in advance and they should be provided with 
some reading material beforehand 

3 Demonstration classes should form an integral part of 
the activities of the Institute, 

4. The books listed in the bibliography prepared by a 
committee of the present institute should be available 
in all secondary school libraries, 

5 The new mathematics may be introduced in some selec¬ 
ted schools freed from a central examination 

6, The reports of the proceedings of the various Summer 
Institutes in the USA, be examined before finalising 
plans for the Summer Institutes of 1964. 
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7. A complete set of S M.S G books and other liteiature 
prcpaied m the United States should be made available 
to the organisers of the Summer Institute 


B EVALUATION 

By Members of the Coordinating Committee 

The Mathematics Institute held at Ramjas College, Delhi, pre¬ 
sented with enthusiasm the new mathematics that has been develop¬ 
ed by the Secondary Mathematics Study Group (SMSG) Each 
of the participants was furnished a complete set of the Introduction 
to Algebra materials and of the Geometry with Coordinates mate¬ 
rials The Introduction to Algebra set included four volumes of text 
and four volumes of conunentaiy Several of the faculty and of the 
participants indicated that they wished that they had also been fur¬ 
nished the set on Intermediate Mathematics, which set includes two 
volumes of texts and two volumes of commentary. They wished to 
pursue the new algebra fiuthcr than was possible in the texts supplied. 
It is recommended that another time the set of Intermediate Mathe¬ 
matics be furnished also 

Several sets of the New IMathcinatical Library were furnished as 
resource materials These were used by the participants in seminars 
and later kept as a part of their reference hbrary. This set included 
the following eight volumes: Numbers Rational and Irrational by I. 
Niven, What is Calculus About? by W W Sawyer; An Introduc¬ 
tion to Inequalities by E Beckenbach and R Bellman, Geometric In¬ 
equalities by N D Kazannoff, The Contest Problem Book by C. G 
Salken; The Lore of Large Numbers by P. J Davis; Uses of Infinity 
by L Zippan, and Geometric Transformations by Yaglom-Shields. 
There was also available a set of seven volumes of Studies in Mathema¬ 
tics There were no mathematics films as such as a part of program¬ 
me but several of the mathcmatics-iclatcd physics films were shown. 

Duiing the first week,,,the Institute met both morning and after¬ 
noon, but as the summei became hotter the programme was chang¬ 
ed The schedule was from 8-30 to 12:30 each day, with periodic 
seminars held during the afternoon or evening Unlike the Institutes 
in Physics, Chemistry and Biology, it is not necessary that the at ie- 
matics institute be held m a University, for no particular laboratory 
facilities are essential It would be better to hold a shoiter Institute 
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in a hill station, where the participants could wmk for nunc periods 
each day, and so have an oppoitunity Lo work more efficiently. It is 
recommended that in the future the Mathematics Institutes be held 
in lull stations where the heat is not so oppressive 

Ccitain of the participants expressed the view that in future 
seminars it would be helpful to have a mathematics educator asso¬ 
ciated with the Institute who is quite familiar with the secondary 
school mathematics programmes m the schools in order to give 
additional help in showing how the new mathematics may be intro¬ 
duced into the school programmes, 

The woith of this Institute was well summed up by one of the 
participants who has written that she valued most the knowledge 
gamed thiough the lectmcs on set theory, caitcsian products, matri¬ 
ces, probability, modem geometiv and statistics, “for these lectures 
have urged me to rethink the basic concepts of the abstract nature of 
mathematics. It will at the same time enable me to prepare the 
college, hound students of the higher secondary school classes to con¬ 
tinue their higher studies in mathematics in a better way than they 
did previously The link between the high school syllabi and the 
university syllabi is more clearly understood It is imperative that 
the missing links at all levels he forged, the missing links between the 
university and the high school, lire high school anci the middle school 
and the middle school and the primary school It has stimulated me 
to continue the deeper study of mathematics on my own apart from 
the teaching work in the classroom ” 


By Dr Emory P Starke, Visiting American Scientist 

Traditional Mathematics Instruction 

There are two major respects m which the traditional patterns of 
secondary school instruction fail to give our students an adequate 
understanding of the nature, scope, and accomplishments of mathe¬ 
matics 

1, The subject is taught as though nothing of significance had 
occurred in mathematics during the last 50 or 100 years. But, on the 
contrary, vital new mathematics is being developed at an explosive 
rate (comparable to developments in physics and other sciences) and 
secondary schools must find ways of bringing their students farther 
along, so that these developments can he studied in college. Funda- 
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menial new coulcnt has been established and older concepts have 
been reorganized and extended, and the modem view is that the 
major emphasis of mathematics is concerned with abstract patterns 
of thought. 

2 The sullied is taught as though it consisted mamlv of a 
series of stereotyped problems with solutions handed down by the 
teacher in textbook to he memorized by the student and reproduced 
upon demand On the contrary, the majoi emphasis should be 
placed upon developing a leal understanding of the foundations of, 
and the logical relationships within mathematics The main purpose 
of problems should be to test whether the student has sufficient grasp 
of basic concepts and lclalions to he able to work out lus own applica¬ 
tions and solutions Seldom should the teacher tell the student 
what to think and what to do. but should rathci present experiences 
through which the student can discover for himself the significant 
relationships and methods. 


A Modem Approach 

For the 34 teachers who attended, the Mathematics Institute 
provided a comprehensive introduction to elementary algebra and 
geometry, following a modern nppioaeli Texts and commentaries 
prepared by the SMSG were used as the basis for study. 

While most of the teachers have posts at the upper secondary 
level, this basic work is necessary if they are to be able to give a com¬ 
petent, modern treatment of further subjects such as intermediate 
algebia and tiigonometiy 

It is taken as a Innsin that no teacher should teach any topic 
which is too close to the boundmy of his own competence He 
should know a considerable amount beyond the topic under discus¬ 
sion, in ordci at least to discriminate between essential and less 
important implications ami to be able to answer questions which the 
brighter students may well ask 

With this m mind, additional lectures were given on such 
topics as: The Nature of Mathematics, Introductory Set Theory, 
Probability and Statistics, Vector Algebra and Linear Spaces, 
Matrices, Boolean Algebra, Theory of Numbers, Continuous Func¬ 
tions. In each case the subject-matter impinges upon and illuminates 
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the mateual of sccoiukm mathematic, s No let hues were given oft 
topics too icmotc fioin the second.n> cuuiculum. 

Occasionally a lcctiuei loll back into old habits and adopted a 
“Tins is it, I am telling you" altitude. But in most cases the 
appioacli was to lead the iislcnci to experience the pleasure of dis- 
covcung the desned conclusion by hinisell. On the whole the Insti¬ 
tute was beautifully organized and the lectures caught the spirit of 
the modem approach. 

The reaction of the participants lias been highly gratifying. 
They are enthusiastic about the new appioacli and have caught much 
of its spirit When they return home, even with the same old 
curriculum and examination system, it will no! be possible for them 
to fall back into the old ways of teaching Much of the spirit and 
some of the matciials met this summer will surely find their way into 
the classioom work this tall Aftci all, this is the only real test of 
the success of the Institute. 

On the whole, 1 would give this Mathematics Institute a very 
high mting. It has been an admirable slait in a movement that can 
only go forward in outieacli and effectiveness. 

With experience gamed this summer, theie is a point at which 
some improvement might be made for summer of 1964. 

In some way the new approach and new emphasis must be made 
clear and vital, as also the differences in content between the new 
and the old treatments The topics where the differences are slight 
need little attention This will require a very discriminating lecturer, 
thoroughly familiar with SMSG materials and capable of leading a 
vital, exciting discussion. (This is also the most difficult featuie to 
organize satisfactory in Ameiican institutes ) 

By Participants 

All the 34 participants in the Mathematics Institute responded 
to the questionnaire. Responses to foui of the questions are sum- 
manzed below; 

I, In view of the purpose of the summer seminar to upgrade second¬ 
ary school science education, which experiences in your summer 
seminar do you value most? Why? 
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The Approach and New Content 

a) The new knowledge ol "Sit I'lunu" m SMSO bools—16, 
Numbei syslcms-11; Modem Geometry—11; Matnccs—8; 
Study of polynomials and Hum gmphie representation side by 
side—6; Statistics- 3, Probability- 3 

b) Anew slutb ol Numbei themy, Sel theory, linn Kuclidcan 
geometry will make matliemalics more meaningful and be of 
great mtciest to sludents- 1 

c) Representation of Tngonoiueli} by unit circle, new and sim¬ 

ple—2 

d) “Set tlicoiy" very convincing. Help m teaching algebra and 

gcometiy as emielaletl subjects and so save lime—3 

e) Boolean algebm was new to me -7 

{) Treatment of algebm gave unleased grasp of subject—1 

g) Modem methods ol leaching algelua and geometry— 3 

h) Impedance of abstraction and geneiablation m flic study of 

mathematics- 7 

(1) It is nunc abstract and l.u bellci than traditional 

methods—2 

(2) ’flic mliodiielion of the subject of mathematics with 

abstmet haekgiound veiy nnpoitant—1 

(3) Better results tentheoming for uiiiveisilybound student 

from abstmet appioaeli-2 

(4) Abstmet starting pond, rather than concrete better for 

selected student group—1 

i) Moie stiess on basic structuic of gioup, ling, number systems, 

not on merely solving problems—4 

j) New approaches avoid mechanical calculation; avoid merely 

drilling and computing' 4 

k) Rather than dull on staudaul results, I like idea of helping 

young sludents giasp luudamental concepts-1 

1) Students will iiiulcisl.nul old piobluus in a new way—1 

m) Original approaches pave way to original thinking; deviate 
from tmchtumal way of teaching--pave way foi originality 
and research—2 

n) Delete mechanical aspects. Study the underlying mathe¬ 

matics principles—2; Minimize computational aspects; logical 
thinking will result—2 
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o) A better view of modem mathematics—4 

p) Mathematics is an interns Ling subject; it is not merely solv¬ 

ing problems—2 

q) Rigor is an essential part of mathematics; ligorous methods of 

proof demanded—4 

l) New experience in seeing differences between Euclidean and 
non-Euclidean geometry—1 

s) New approaches will clear confusions in students, who now 

accept conflicting ideas—1 

t) Some of SMSG treatment relieves students of unnecessary 

cramming—3 

u) If SMSG material were introduced, students would have 
better grasp—1 

v) Will help students build a stiong foundation for higher 

mathematics—1 

w) History of mathematics is fascinating—1 

x) Ideas on history of mathematics can be easily introduced—1 

Teacher Growths 

a) Strengthened view that piesenl syllabus in mathematics needs 

revision—2 

b) Syllabus must be levised from primary grades on up—1 

c) School mathematics must be unified—1 

d) There should be a link among teachings of mathematics in 
high school, higher secondary school, and college levels—5 

e) There must be a greater emphasis on the growth of correct 

mathematical ideas from grade to grade—5 

f) Have had to rethink my own concepts and can now better help 

college-bound students—1 

g) Mathematics content must now be selected vciy cmcfully; con¬ 

tent must be graded—3 

h) The upgrading of high and higher secondary school mathe¬ 
matics implies theie should be an upgrading of knowledge 
of the teacher—1 

i) Practical ways found to present algebra with new ap¬ 

proaches—9 

j) Present syllabus in geometry must be modified—11 

(1) There should be introduction of space geometry—3 

(2) Fusion of algebra and geometry by different coordinate 

systems needed—1 
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(3) Ccomctiy showed new IilmIiucuL vet siiuplxficcl— 3 

(4) In geometry, we can \>l nunc honesl and sincere—] 
l) The present examination sWun must he clunked -6 

1) Appreciated stimulating exposition In experts 4 

Films 

a) Film on vccltns \ei\ inteustiug and useful—IS 

b) Films quite interesting. although meat mi pin sics Hum mathe¬ 

matics, except vectors and udahwh - f ) 

c) Film on relativity much union'll 3 

d) Seven films shown, tluec itlalcd to mathematics, rest to phy¬ 
sics, hut all mtcicstcd rue gieath, linn made tile subject more 
comprehensive-*? 

e) Wc need muie films on mathematics—2 

f) Filins shown were beautifully produced- 1 

Discussions 

a) Exchange ol vuws about problems of luihmg pieseul svlla 

bus valuable 2 

b) Discussion with those hum otlan slates important-1 

c) Group discussion ot mathematics teaching problems valu¬ 

able—2 

II, Using the present syllabus, can you see ways lu introduce new con¬ 
tent and new approaches in jour classes? To what extent can 
you do this? Give an example, 

Changes Possible in r i caching of Algebra 

a) "Set theory” can be easily mtiodueecl and piesent topics in 

algebra explained on this basis 16 

b) Teaching about numbei fields very important, early—7 

c) Algebra easy to incorporate, n fascinating approach—7 

d) Theory of inequalities important -7 

e) Teach algebiaic equations ami giaplnc representations side by 

side-5 

f) In algebra, eimmluUu and distributive laws will make ideas 

of multiplication and factorisation simpler--'? 
gj Use new symbolism in present s\Halms- 1 
h) Shift emphasis fiom mechanical calculation to insight and 
understanding of basic concepts—1 
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i) Our present syllabus is quite vivid and wide and we can use 
much of new approach—1 

]) Equivalence relationships will remove most of the mistakes 
which students make m pioblcm solving—1 

k) New concepts like those of “Set Theory" number fields, algeb¬ 
raic structure could be added on without impairing the pre¬ 
paredness of the student to write the H S Examination—1 

Example 

Isomorphism between line and number systems, the exten¬ 
sion of the numbers, fiom natural numbers to complex 
numbers, could be a prelude and a background to a study of 
the theoiy of quadratic equation The theory of equivalent 
sentences and the ‘rcvertible’ steps taken to obtain them 
copld he a foundation for the solving or equations. The con¬ 
cept of ‘domain’ of a vauablc X, m solving equation must 
be included too. Exclusion of the concept of ‘domain’ 
cieates a lot of confusion m the traditional approach. Also 
the metaphysics of 2 and—1 could be explained. 

Changes Possible in Teaching of Geometry and Trigonometry 

a) No change possible with picscnt syllabus, except some em¬ 

phasis on nature of the appioach, that is, in building an 
awareness of other geometries—6 

b) With coordinates, not possible now in higher secondary cur¬ 

riculum as there will be a language difficulty (Some parti¬ 
cipants found this true for themselves)—7 

c) Combine gcometiy ancl coordinate geometry, as these can be 

usefully integrated—6 

d) Make students aware of space geometry; do not confine them 

to plane geometry—2 

e) I hope that I will enrich my students with the new approaches 

made in SMSG books such as that of linking the studies of 
geometry and coordinate geometry, proving the Pathagorean 
theorem, in dealing with inequalities and functions graphi¬ 
cally, and establishing some trigonometrical formulae, as 
SIN (a±b) with new approaches—1 

f) Trigonometry books should inspire us to adopt new ap¬ 

proaches—2 
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'Ills 

,s\ Halms tun list'd tu allow dl.mgts -2 
syllabus imisl bo omit lied wilh new materials before 
n use tliem 2 

,svll.ilms and t xainm.ilimi imisl be dumped to leach 
uiieiiab 2 

t syllabus musl be rent united lo best utilize summer 
cnees—b 

syllabus allows no new content, but \vc can use such 
ppioaelics as "tiulli stl ol open sentences"—1 
i seininais pul tail beloie the hoise; might we better 
e the syllabus and then have the seminars?—1 
■i svstem must bt laitglil o.uh in aiillnuelie— 1 
f of niiitlietiialics and hie of mathematicians can be in 
eetl in pic,senl s\ Halms- 1 

syllabus icinams the same, much good can be done—2 
if the contents and much ol the spirit of modern inalhc- 
s can be uitmpoiuled 1 

elicvc in I lie appioaeh to learning yoiu experiences in 
linai, how do \ou plan to help otheis to become aware 

form a Mathematics Club of teachers in which month- 
cLnigs aic hehl to study the new mathematics—15 
tiy lo convince my fellow tcachcis and principal on the 
ipproaches— 9 

circles of modern topics must be conducted—4 
liy to get DPI’s and State balneation officers to organize 
ir scninuus at chslnct levels—^ 
a mathematics dub loi sludents-4 
cneulale hleialiiie to mathematics maslcis of the state 
rluse them with the utility ol the new approach by asso- 
n ami by the management ol semunii meetings at the 
if evciy month- 1 

oigam/c the mathematics tcachcis of our 2$ mteime- 
uud clegice colleges- 1 

i journal oi organ wheie experts can write articles about 
icw mathematics—s 

cyclostyle the mathematics lectures for my brother 
eis—1 
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]) Try to place SMSG books in my school library—1 

k) I can give help to others m organizing smuku seminars at 
state level—5 

l) Wiitc articles and circulate them through various educational 

journals—2 

m) Help some schools undertake a project in teaching the new 
mathematics—1 

n) Each state needs one model school to experiment m the new 

approaches and record its successes—1 

o) Have extension service departments m each tcachei’s college 

call a meeting and have delegates present new materials—2 

p) I can teach one experimental group of students—1 

q) Start a small library with books and publications on recent 
developments—1 

IV, State some practical suggestions foi improving Summer Science 
Mathematics Sennnais m the ycais ahead. 


Suggestions idating (o Progiammc and Staff 

a) Participants should he informed of their selection two months 

ahead—12 

b) A planned progiannnc should he chalked out and distributed 
among the delegates before the start of the seminar so that 
delegates may come prepaicd—20 

c) Books for the seminar such as SMSG should be sent to dele¬ 

gates early, possibly one to two months ahead In this way 
such hooks would not have to be gone over in seminais but 
could become base for discussion gioups—12 

d) Books should be translated into regional languages against 
Indian background and circumstances—5 

e) SMSG hooks should be in every secondaiy school binary—6 

f) A comparative study of mathematics syllabi in scvciul coun- 

tnes, such as Japan, U.K, U S.S R, U.S.A should be 
made—2 

g) Need more books on new programmes—6 

h) Need guided discussions on piesent syllabi with practical sug¬ 

gestions for meeting difficulties in presenting new mate¬ 
rials-11 

l) Committees with homogeneous interests should be formed 
early in seminar and planned discussions held—4 
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j) Include calculus, dummies, livcliostalics and other applied 

niatlicmalics—1 

k) Equal emphasis slioulcl he ghen to method as well as con- 
tcut-9 

l) Group at seminars ;i]>l to include teachers' at high school, 

higher secondary, and intermediate college levels, so their 
special abilities and needs should be considered—1 
staff, as well as members fioni the university mathematics 
faculty—9 

m) Led in cis limn teacher I mining colleges should be pait of the 

n) Demonstration lessons at the seminar using the new ap¬ 
proaches will he helpful—7 

o) Some menibeis ol the seminar faculty should be housed m 

the hostel with participants This would cieate basis for 
fneiidly informal discussions—5 

Suggestions relating to Time and Living Accommodations 

a) Time for the seminar in mathematics could he shortened to 

fom to five weeks by wo iking moic hours per dav. having 
study matciials early, elc.—20 

b) Hold seminars of short dilution dining Christmas holidays, 

Puja, or Dussclrra—1 

c) Medical help should be piovidcd free—9 

cl) Institutes should be held six days a week and close earlier to 
allow for opening of northern States’ schools—3 

e) Institutes slioulcl be held in bill or resort stations for vigorous 

work—12 

f) Moie teachers can attend and the new programme will be 

spicad if institutes are held on an aiea or stale basis, not an 
all-India one—14 

General Considerations 

a) The same delegates should be utilized in some way in future 

institutes—2 

b) Secondaiy school students should attend the Institutes to 

verify validity of material presented—3 

c) Invite to the Institutes teachers who are trying experiments 

in mathematics teaching—1 
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d) All participants should be made to take an active part; to lead 
papers bcfoic the gioup, to take modem tests, covci assign¬ 
ments, and do libiaiy lcseaich—8 
c) District Education Officers should be invited to the Institutes 
so they can follow up woik in the state—] 
f) An active association of all paiticipants should he foimcd to 
supply new matciials and to help teachers with difficulties in 
trying out new progiammes—2 
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INAUGURAL ADDRESS 
AT CONFERENCE OF 
EDUCATION SECRETARIES 

P. N, Klrpal* 

Wc have been engaged duiing the last two days in evaluating 
the progicss of educational de\ clnpmcnl in the Third Five Year Plan 
and have been wicstling with \ariuus problems as best as we could. 
The problems will continue with us; that is inherent in the nature of 
human affairs; but there is one pioblcm which will not abide—science 
education. In every way it is so liigcnt and of such ovciriding im¬ 
portance that unless wc, who arc dunged m different ways with guid¬ 
ing educational policies, start tackling il in earnest, wc would be set¬ 
ting back the pace of the nation's piogicss by a generation Whether 
we consider the needs of liidusliial and agricultural development or 
raising the economic inability of out people or building up the defen¬ 
sive strength of the countiy or, in a wider and even more significant 
context, the social progress of the nation and the social attitudes 
essential for such progicss—science lies at the base of them all, 

Wc therefore thought that it would be appropriate to set apart a 
whole forenoon fioni our conference to discuss science education and 
adopt an approach somewhat difTcicnt fiom the one through which 
we have examined our other problems. 

In our two-day discussions ivc refened' frequently to quality in 
education, That is the vciy core of the problem of science education 
—quality or the pursuit of excellence. Science education is either 
quality or nothing Ileie, there is no half-way house. Even the 
paucity of oui resources will not justify teaching of science which may 
be out of date or teaching it in a way which leaves with the pupils a 
permanent distaste for the subject. 

In the Third Five Year Plan gieat stress is laid on expanding at 
every level the available facilities for science education. This is, of 
couise, imperative; but expansion alone will not take us to the goal 
we have set for ourselves, if expansion means mcrelv multiplying the 
existing defects and deficiencies, piojecting them on a larger screen 
and on a bigger scale. This session of the Conference is therefore to 
consider the other dimension of qualitative improvement in science 
education. We are particularly foitunate to have with us for this 


* §Jjri P. N, Kirpal la Education Secretary of the Ministry of Education, 



114 


CONFERENCE OF EDUCATION SECRETARIES 


session eminent experts from the USA and from our own univer¬ 
sities', who have given a great deal of thought to this matter 

In considering complex pioblcms such as the piescnt one, it is 
exceedingly hazardous, but nonetheless tempting, to reduce them to 
Some simple presciiptioiis If I wcie to do this for the problem of 
science education, I should like to suggest two factois—the curriculum 
and the teachei—the word curriculum being used in a comprehensive 
sense—the body of knowledge, skills and attitudes which are to be 
taught and learnt and the goals and the means foi such teaching and 
learning. 

In the teaching of science, cmriculum improvement m this 
broader sense is fundamental to any organized effort at improving 
the quality of science education. The distinguishing feature ol 
science lies m its almost unbelievably dynamic chaiactei. It is esti¬ 
mated that ils body of knowledge is doubling itself every ten years 
More fundamental changes in scientific concepts have taken place 
during the last three hundred yeais than in the entire history of 
mankind, and more changes have occurred during the last fifty yeais 
than even during the last three hundred yeais. This has two-fold 
effect on the curricular problems of science education First, to teach 
a science which may be out of date and no longer valid is almost as bad 
as not teaching science at all. Therefore, a close examination of our 
syllabi, textbooks, and teaching aids and methods becomes essen¬ 
tial Secondly, the sheer pressure of a larger body of knowledge makes 
it necessary that the first introduction to it, selectively and in an ap¬ 
propriate form, should he given at the secondary stage otheiwise 
the umveisities would be compelled to do the work that the second- 
aiy schools should be doing, in addition to undoing what the second¬ 
ary schools may have done, thus diverting themselves from their legiti¬ 
mate work of leading the students to search at a dcepei level in their 
field of study 

It has, however, to be borne in mind that howcvei well a ciuri- 
culum or a textbook may be piepared, they will be unavailing if the 
teacher is not ready to make use of them and does not understand 
the purposes they are designed to serve The training or retraining 
of teachers is therefore one of the major tasks. Such training should, 
however, be focussed on curriculum improvement, one leading on 
to and reinforcing the other Neither is sufficient in itself They 
must be considered part of the same integrated process, ' ------ 
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These two .ire the main themes for tins session of the confer¬ 
ence, 

We can study with piofil, bearing of coiusc, in mind our own 
conditions and needs, the experiences of other countries where, m 
very recent years, a liemenclons revolution in the teaching of science 
at the secondary stage is under way. In the U S A. eminent scientists 
and specialists have been wmking togclhci with secondary school 
teachers to prepare new curriculum materials and textbooks You 
will see some of these materials on drsplay here. What is of parti¬ 
cular importance is the way these materials nr physics, chemistry, 
biology and mathematics arc being pieparcd For example, the text¬ 
book in physics—which incidentally has been lcprintcd in an inex¬ 
pensive Indian edition by the National Council of Educational Re¬ 
search and Tunning in collaboration with the United Slates Informa¬ 
tion Service—is the result of the labour of eminent physicists and 
secondary school teachers Along with the textbook, there is a 
Laboratory Guide, and a four volume Teachers’ Resource and Guide 
Book, After careful experimentation, a set of laboratory apparatus 
has been designed and produced for use in carrying out over 300 ex¬ 
periments in the textbook and more The whole set of apparatus 
costs the equivalent of Rs. 2,500 only. If we had such inexpensive 
appaiatus with high instructional value evolved here, it would not 
only mean heller science teaching but also covering, with the re¬ 
sources we have, at least five tunes the number of schools that we 
can with our existing type of appaiatus, Thus, there is a series 
of fifty-foui short films which supplement the demonstrations and 
laboratory work, A senes of books on different topics in physics has 
been published—twenty four so far—which provide stimulating sup¬ 
plementary reading material for the student. Secondary school 
teachers are being introduced to all these materials through summer 
institutes and similar training couises, Outstanding as the pro¬ 
gramme is, its most distinctive feature certainly is the close collabora¬ 
tion between the universities and the secondary school system. 

We have made a beginning mi recent months and those who 
have been closely associated with our programme are present with ns 
in this session The programme was jointly sponsored by the Uni¬ 
versity Grants Commission, the National Council of Educational 
Research and Training and the United States Agency for Inter¬ 
national Development, and took the form of six summer institutes, 
which were attended by secondary school teachers nominated by the 
State Departments of Education-one for biology in the University 



116 


CONFERENCE OF EDUCATION SECRETARIES 


of Madras, chemistry at the Umveisity of Poona, mathematics at 
Udaipur, physics in the UmvcisiLy of Delhi, and two summci insti¬ 
tutes foi genual science, one at Dchia Dun and other at Hyderabad 
In these sinnmci institutes, (he secondary school tcjchcis have been 
piovided with an opportunity to learn from experts eminent in their 
fields about recent advances m their subjects and this knowledge 
would also be mcoipoialcd in school curriculum The National Coun¬ 
cil of Educational Research and Training has picparcd an experimen¬ 
tal syllabus for gcncial science for elementary schools Panels of ex¬ 
perts are also picpaung textbooks for secondary schools m physics, 
biology, chemistiy and mathematics. The programme that has just 
begun is pioposcd to be expanded in the coming years, Next ycai we 
arc hoping to have sixteen summer Institutes and the yeai after next 
sixty-foui They will not place any direct burden on your budgets, 
which have already a heavy load to carry We hope that the State 
Departments will take the fullest advantage of the opportunities we 
aic trying to organize 

Befoic concluding and calling upon exputs to picsent lo you 
tlieii experiences, I should like to express our deep appreciat'd; of 
the help and cooperation lcceivcd m this programme from U S A I.D, 
and the schools from USA who came over at short notice and have 
worked though the summer months in these summer institutes, to 
the University Giants Commission winch has taken the main lcspon- 
sibility fot organizing the piogiammc, to the universities which plac¬ 
ed their facilities at the disposal of the programme, oui university 
professors who have given so unstintingly of their scholarship and 
guidance, and the National Council of Educational Research and 
Training I should like m paihcular to thank Dr, Bingham who 
has been with us from the very beginning when the idea of this pro- 
gramme first emerged. 
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Science is what Scientists do 

We say that science is what scientists do. In most high schools 
in the United States, the science teacher does not deal with science 
m the way in which scientists operate and very lew scientists opciatc 
in the way in which the niatcnnl is picscnled at the high school level. 
The object of these new matenals is to try to pul the high school 
student, even though lie may be only 15 or 16 yenis, in the same 
general framcwoik that a scientist would he at that level Sn I start 
with the fundamental—science is what scientists do It is not just an 
accumulation of facts, which must be committed to memory. It is 
an active, glowing body of knowledge If is a met hod of appioach 
to knowledge 

New Programme need not he expensive 

During the last fhc ycais, the United States Government spent 
about 30 million dollars on the high school piogummc. And this 
is a great sum of money. But we discourage many other countries 
from launching such a piogiammc, for, we feel, it is not necessary 
for any country to spend anywhcic near tins sum. And the icason 
is—I say tins with some conviction—lliat w'C have made many mis¬ 
takes and some costly mistakes, that otliei people do not need to 
make, if they can explore and solve the pioblcm in then country at 
a much lower cost 

Use of talent in the New Programme 

In addition to this very large amount of money spent, of much 
moie important significance is the talent used in a new programme 
This is the fust time in our country when really top flight scientists 
have participated in writing matenals for flic secondary schools. 
Fifty years ago, biology, chcnnstiy, physics and mathematics books 
for the high school were written by top-flight scientists Bui during 
the last fifty years, this has not been hue. 

Joint Endeavour of University and School Specialists 

The second major contribution, one without which none of these 
projects could have succeeded, was a close cooperation between the 
top-flight university people and top-flight secondary school people 
It is quite easy for university people to design a good science book 
which is completely inapplicable to the high school level So every 
single one of these studies has been a joint approach by an approxi¬ 
mately equal number of high school teacheis and university teacheis, 
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In the Cl IL'.MS pioject, which is fauly typical, about 40 man-years 
of vvoik have gone into wiitmg the matenal Actually it is moic than 
40 men. it is about 300 men, \ciy competent men who have spent a 
great deal of tune to adcl up to 40 uian-ycais. 

The Jaboialory i.s an JinpoiLml place 

As far as the lundaniental assumptions behind these materials 
are concerned, although I am a chemist and am concerned with the 
chemical materials, 1 think it is safe to say that all these projects have 
worked in the same way. We made fundamental changes in the 
organization of the material and made provision for a rich use of the 
laboratory by the student Lo make the experiments himself Let me 
cite one example When student comes to the school on the first day 
of our chemistry course, lie is given no hooks. He is given only a 
candle and lie is asked to observe what he can about the candle and 
write it down. This is the first experiment on the first day On 
the second day, thcic is another experiment. Thus lie does experi¬ 
ments dunng the first two weeks of school. He does not get the 
textbooks until the thud clay He does not get the laboiatory manual 
till the second week. We no doubt think that these hooks aie very 
good, that they me significant books, but the more important thing 
m science is the Inbouiloiy I he laboratory is the scientists foit. It 
is wheic scientists learn and it is whcic students have to learn by 
making cxpeiimcnts and nol take it for granted that what the teachei 
says must be right and true On the other hand, when a student 
first goes into the laboratory without any idea as to whether what 
the teacher says is light or wrong, lie has an open mind and he can 
do the experiment as a scientist. Scientists do not go into the labo¬ 
iatory only to prove that some one else is right or wrong It is also 
to explore and to discover While it is often tine thal the teacher 
knows what the student has discovered, it is not always true, and this 
can be vciy embarrassing to the teachei. One big change in the 
teacher must be that lie must be willing to be embarrassed occasional¬ 
ly, to have the students discover Hungs that he did not know, to have 
students ask questions to which lie docs not know the answers. This 
will happen in any ical exploration of science. 

So, we place emphasis on designed laboiatory experiments, which 
arc ically experiments Ihiougli which students explore and discover 
foi themselves and then go to the class and discuss these discoveries, 
compare lesulls, learn something about the nature of scientific experi¬ 
ments, and then, on the basis of these experiments, discover e 
major concepts of science. 
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Concepts more important than detailed knowledge 

This I think is second major emphasis nftoi the laboratory The 
only way foi a scientist to discosei and double Ins knowledge is to 
foigct about detailed knowledge No one has a huge enough brain 
to store all this inhumation The only was for a science student to 
master tins inhumation is to mgnni/c it under general headings or 
concepts. Tlidefoic, whaL will happen lo the student m the labo¬ 
ratory is we hope, that he will make ecil.un discoveries He will be 
able to generalize with these discos cues in ten ns of concepts He 
will be able to fit together his discoveries and also all other things 
which he will discovei in the future, 

This change from a descriptive approach to a conceptual ap¬ 
proach is a vciy marked change. Previously m chemistry, physics 
and biology, students wcic taught a set of lads They were taught 
to collect ceitam data, to name ceil,nil chemicals, and to learn that 
when copper sulphate is mixed with .sodium sulphide, you gel coppei 
sulphide. Now many students would lnne no idea what is going on 
unless they did the experiment with copper sulphate, sodium sul¬ 
phide and copper sulphide Therefore, it is much important to do 
the experiments, and then fit them into some generalised schemes. 

How these materials were written 

We then wrote the materials very rapidly Our own study is 
now in the third ycai Materials in the first year were written in 
three weeks and then re-written so that the texts, laboratory manual 
and the teachers guide were picparcd in six weeks Then these 
materials were tested in the schools by teachers and re-written several 
times, The fouith edition is now being printed. 

' . \ / 

How Good are Ihcsc Materials? 

The question is, bow useful arc these materials? It is easy 
enough to write materials and to think you have done a good job. 
How do you know they arc useful? You may be interested in the 
typical reaction of the American teachers and students to these 
materials. 

fn the fust two years of our study, I had not met a single high 
school teacher or a single college teacher who did not say Lhat these 
materials could not be taught at the high school level, that they 
were much too difficult, I think the reason is that 50,000 American 
students were studying the material and m the examination some 
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failed and some succeeded In the next examination, however, a 
few moic succeeded. Tliciefoic, when we look at the new materials, 
wc should lcmemhcr our own education, we did not lcain all that 
we did until may he in the second yeai or even the third ycai of the 
umvcisitv The material here is pul m a manner and in a language 
which is accessible to the high school students, and in the most acces¬ 
sible context, namely the laboiatory Fonncily tins material was 
put into the university course and now it is at the high school level, 
because wc feel that the hist course m science should give and discuss 
the major ideas of science They will be very useful and important 
to the student if lie goes to the university and even more important 
to the student who does not go to the university. This material is 
not intended just to he used by university bound students. Many 
American students take science in the high schools and that is all the 
science they get, and it is extremely important foi them to learn 
science piopeily and to get hom science something which they can 
use later on, something which they can remember 

Take, for instance, the question of the pieparation of oxygen. 
It is important foi the student to have this information. I know 
myself as a chemist that the standard answci to the question, ‘How 
do you prepare oxygen,’ is 'Heat potassium chlorate,’ But no che¬ 
mist really heats potassium chlorate to get the oxygen he wants, He 
gets it from out of a steel cylinder and it is important that the stu¬ 
dents should also know how this is done 

The material prepared aheady is reasonably successful and we 
can convince many people of this fact We not only convinced the 
teachers, hut groups of teachers meeting together behaved as in a 
leligious meeting. They often say. ‘My whole life has been changed. 
I will never go back to the old methods. The new material is much 
better,’ and so on. They are enthusiastic and they have found it 
teachable 

Good Schools, Good Teachers and Good Students 

Foi the first three years we had gioups of 6 to 12 teachers from 
four different geographical areas to tiy these materials They met 
once a week or once in two weeks, discussed their problems with the 
local university person and they let us know their reactions so that 
we could revise the materials In the first place, we took excellent 
teachers to work with, because we wanted the most favourable situa¬ 
tion for the first experiment We, therefore, made sure that we got 
good teachers. Secondly, we selected good schools and lastly we had 
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good students So in the first yeui, we had good teachers, good 
schools and good students, But last ycai we extended the tual to 
the avciagc oi the just below average tcachcis, schools and students 
We have to try the niatenals with them also, but at the beginning 
it is essential to have excellence loi the try out 

Evaluation 

Finally I come to the question of testing We do not have state 
syllabuses and a national syllabus We do not have a national or 
state examination Thciefoic, ll is easier feu us to expenment In 
tins experimentation, however, we have certain restrictions Stu¬ 
dents who go to univeisihes aic expected to know ccitam things 
There is the national examination called the College Board Examina¬ 
tion in Chcnnstiy, winch has to be passed by the umvcisity-bound 
students, Our appioach was, ‘Foigct about examinations’ The 
students did not take that examination We lcconmicnded to the 
univeisihes that these students bad a clilfcicnt kind of course and 
that the usual examination would not do, Tlicrefoie, we set oui 
own examination, We piovided the univeisihes with evciything 
needed for this examination. Foi example, New York Universities 
have the lcgional examination which the high school student take 
if lie washes to go to the umvcisity. Out eouisc does not pre¬ 
pare students foi the regional examination, BuL Ihcir numbci was 
only 10 and therefoic, we could have the new examination and on 
the basis of the new examination the students got qualified or not 
qualified. 

Now why w r as a new examination needed? It was needed for 
two icasons. First, the established examination asks many questions 
which aic not covered by the new niatenals Secondly, our niateiials 
cover many ideas that aic not covered m the usual examinations 
Theiefoic, it is unfaii to students to take an examination for wdncli 
the eouisc is not designed. Thciefoic, it is vciy essential to change 
the examination system, if one wishes to experiment, especially since 
our emphasis is on labouitoiy rathoi than on just pioot and on the 
use of the concept lathci than the desenptive 

Oiu examinations aic with open books The students aie not 
only allowed to make use of then books, but they must use their text¬ 
books because in ceilain questions we say Turn to page so and so 
and give us such and such infoimation. You may wonder that if 
students are allowed the use of their textbooks, theic will be very 
few failures in the examination But even if we say, ‘Turn to page 
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173 of the textbook and answci I he question,’ the student must be 
intelligent and have some infounatiou to synthesise his answci lathei 
than just repeal. 

Finally the results of studies in respect of chcmisliy, biology, 
mathematics and physics programmes me given out in the form of 
ncwslcttcis which aic available on requesL, 

SUMMARY Oh' DISCUSSIONS 

(A lively discussion followed Dr, Campbell’s address. We sum¬ 
marize below the questions taised and the answers given ) 

0. How do you pioposc to keep the new mateiial that has 
been developed foi tire chembtiy piogiannnc up to dale, particularly 
m view of the rapid advance in science in the modem age? 

Aus. We feel that Ibis type of material will not get out of date 
quite so nipidly, for fundamental ideas in science do not change as 
mpidly as tlreir applications So for at least tlnee years we will not 
probably rcquiic a major revision. But at the end of three years we 
would look into flic mateiial again and if revision is found necessary, 
it will be carried out. I might also point out that it was not really 
the function of this group of specialists to publish books We hope 
that when this experiment is successful, other authors will come for- 
waid to write books and other publishers will come forward to pub¬ 
lish them in the usual commercial way. The primary aim of this 
group was to provide a new kind of mateiial and not to get new books 
published, in other words, this was an experiment m science educa¬ 
tion. 

Q. Can this material be translated into our Indian languages 
for use in our schools' 1 

Ans The teachers in Poona weie of the opinion that this mate¬ 
rial could be taught successfully to Indian students. A direct transla¬ 
tion could be arranged as tins group owns the copynght and it will 
be open to anyone who wishes to translate it. 

Q. When considering changes in curriculum, the most im¬ 
portant factor is the reaction of the old type of tcacheis to the change. 
The problem is one of convciting the teachei used to old methods 
to the new ones. 

Ans The teachei’s iesponsc is the key to the whole problem. 
In the CHEM-Study programme during the first year, the teachei 
was not really saying that the student could not understand this mate¬ 
rial. What he was really saying was 'I do not think I can leach this 
to my students.’ The teachers did not say 'I won’t look at this mate- 
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rial, I won’t have anything to do with it ’ Evciy teacher said that 
the materials wcic good, but all weic not suic that they could teach 
them But latei they said '1 would like to tiy them; they look in¬ 
teresting.’ Then they did try them and they found they bleed them 
a gieat deal better So I think the initial answer to this question is 
that one must first select the tcachcis so that tlicic is good teacher 
response One must try the experiment with excellent teacheis. 
The woisl mistake that any administrator can make is to say to the 
teacher ‘Next year you will teach this comsc ’ livery teacher likes 
to be a good tcachci If he finds that this matciial woiks well in 
one school, others will take it up in then own schools 

The solution of the point raised, llicicfoic, is to pick the good 
teacheis in the first instance, in other wouls, those who will offer 
minimum resistance, Speaking for oiusclvcs, m the fiist year we had 
24 teacheis in the whole of the United States, Next year we had 
120 teacheis and in the following yeai we had 700 teacheis. Next 
year we shall have about 2,000 tcachcis 

Q Is the book on ‘Physics’ a self-contained textbook in any 
school oi in a set of schools in America? Do you teach all that is 
contained in this book and nothing else apait fiom the usual ancillary 
material? I find that quite a good bit of physics, both experimental 
and theoretical, which was taught in the old age, has been deliberate¬ 
ly omitted, Especially have I noticed that the topic on sound which 
in our student days, we considcied quite interesting and instructive, 
is not heie Is this a part of the new appioach for the teaching of 
physics, to drop out a good bit of such material and concentiate only 
on the fundamentals and experimental materials needed to illustrate 
the fundamentals? 

When the students proceed to the univcisitics and take up ori¬ 
ginal work do they feel the omission of such material in their earlier 
education? Do they have to go to the older type of texLbooks in 
ordei to fill this gap in then knowledge? As a result of these text¬ 
books arc you producing students, who alter giaduation are fully 
equipped with the concepts and knowledge which they are expected 
to have at that level? 

Ans. These omissions are delibciatc Let me give you the 
reasons foi this omission. There is a common saying used in the 
United States ‘A good teacher is known not by what he teaches, but 
by what he does not teach?’ tie should not cover the entire sylla¬ 
bus. He should teach certain basic things and leave somethings for 
the students to apply them Laige areas have been omitted in order 
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to make students spend sufficient lime on the areas not included. 
There is almost nothing in the PSSC book which the student can 
use for an examination lie is giicn only sonic fundamentals and 
he is then expected to apply these fundamentals to other areas. Peo¬ 
ple may difler widely as to whether the right things have been omit¬ 
ted Many people feel that sound should have been included, 
Many otlicis feel that imclc.ii ideas should have been theie What¬ 
ever the view, the omissions aie deliberate, even if ill-chosen. 

As for the student who goes to the univcisity, he does not feel 
any gap at all, because m the first year of univcisity he will covci ideas 
of sound. Ohm's law, nuclear ideas etc, which he had not learnt in 
high school classes, The 011 c who docs not go to the university will 
always have this gap. Therefore, what one tries to do is to select 
those ideas which aie most important for terminal students. 

0 Is this a complete textbook in some schools? 

Aiis IL is a self contained text in the sense that it is the only 
book that is used Not many schools get through the whole book. 
They have to he selective, They do only 250 to 300 minutes a week 
for about 35 weeks. At the laic of 5 hours a week, they have about 
160 to 170 horns to cor'd the whole malciial Some good students 
generally supplement this by selected material, but for most of the 
students, it is a self-contained textbook 

O Could you give us some idea of lire organization of science 
studies in Amcncan schools? Do you stait with the synthetic ap¬ 
proach of gcneial science and then at some stage branch off the stu¬ 
dents to the vanous specialisations, botany, chemistry, etc 7 or is the 
synthetic approach maintained all through even when there is spe¬ 
cialization? 

Ans. The system vaiics gicatly from state to state and from 
school to school On an average, students get some contact with 
science up to Lhc 7lh or 8lli grade To begin with they study natural 
phenomena in the caily classes and in Lhc 7th and 8th grade, they 
come into contact with gcneial science and most of them are taught 
though dcscnplivc courses. The first time a student runs into a 
specialized course in a particular branch of science is usually at the 
10th grade level at the high school Usually he takes biology in the 
10th grade, chcmistiy in the 11th and physics in the 12th. They are 
all one year courses Many students take a second year of biology 
in the 12th grade so that a biology student has two years of biology 
and one year of physics and one year of chemistry', 
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Q. There me many countries where physics, chemistry and bio¬ 
logy are taught as Ihiec-ycai coiuscs. India is one of them Would 
you please comment on this? 

Ans The same problem exists in most European countues. 
The study of science is extended over many ycais as opposed to one 
year We have been considering it for several ycais 1 know of no 
Amcncan scientist who thinks he must have a yeai of physics, of chc- 
mistiy and of biology Even if the same tcachci teaches physics and 
chemist] v, lie forgets wlial he has taught in chcnnstiy when he comes 
to the physics class. There is vciy little tie between these two. My 
own feeling is that there is no particular advantage of one pattern ovei 
- the other If the period is too long, the student forgets what he has 
learnt eailicr, When it is foi one year, many students at least retain 
something after foi getting others 

There is one othci point which determines this issue in the uni- 
verities. We have a vciy fluid population. If we extend a course 
over tlnce years, it would be difficult for the students because of this 
great mobility. In a moic stable society the three-year system would 
not present this difficulty In othci woids, the one-year system is 
the only one that can aiticulatc icasonahly well with oui universities. 

0 You lefcircd to the supicmc importance of laboratory woik. 
Laboratories are an expensive item to be established in a poor coun¬ 
try like India. We have about 20,000 secondary schools, which we 
want to turn into science schools. The need for laboratory is very 
great In the American International School foi example, the class¬ 
room is used as laboratory. It is so built and so equipped that the 
teacher teaches in the classroom and uses Lhe cupboaid etc., as a sort 
of laboiatoiy. Are there any experiments being conducted on this 
subject? 

Ans In many schools in Amciica enough laboiatoiy facilities 
aic not available and they even use Loilct as a laboratory. In the New 
York City schools, for example, this presents a tremendous juroblcm. 
Students are allowed a vciy short time, say, 40 minutes to do their 
experiments In some eases they go into gioups The equipment 
is kept as simple and cheap as possible, Wlicic the situation gets 
really very difficult, two oi three students can go to the teacher's desk 
and do the experiments m front of him This is not very good, but 
it is better than nothing 

(In this context, the Director, Summci Institute in Biology in 
Madras, reported on certain calculations which he had made relating 
to this subject, ITe said that the set of 75 experiments included in 
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the yellow vcision cost about Rs. 1,400 including chemicals and glass¬ 
ware, The yellow version would take about 3 yeais to be completed 
and its cost would therefore come to about Rs 400 a year or roughly 
a rupee a day Some of the expensive equipment like microscopes, 
fngidaiie, hot oven etc., would cost Rs 5,000 to Rs. 10,000 All the 
experiments could be pcifmmod wiLh improvised appaiatus ) 

In Amciican high schools, the cost of the ehcnnstiy course comes 
to about 200 to 300 dollars for a school of about 30 students 

At this point I would invite the attention of the group to the 
possibilities of motion pictures in the teaching of the science cuin- 
culum Each of the groups had produced motion pictures which 
were designed to be used at a particular point of the course rather 
than on some day when the students do not have anything else to 
do, 

Although they arc expensive, they allow students to see experi 
incurs which they cannot possibly sec othciwisc and to acquiie ideas 
which it would be very difficult to offei m any other mannci If m 
any of youi schools you wish to try some of these materials they will 
be available on fice loan or at least at a very low cost. 
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HIGH SCHOOL CHEMISTRY 
SHOULD BE 
MODERN CHEMISTRY 

H . ARNIKAR* 

The main pioblem is one that is realised by all concerned, name¬ 
ly, that standards in our countiy as compared with other countries of 
the world are extiemely low It is this realisation that has motivated 
the organization of seminars as one of the cffoits to overcome the 
low standards. 

Chemistry is what chemists do What we do in the laboratory 
is not what wc aic taught by somebody else. The mam emphasis 
of the new approach is that the boy should do the experiment him¬ 
self. He draws his own conclusion In the Poona seminal wc were 
inclined to follow the old method dining the first few days One of 
my colleagues would describe a particular experiment and them the 
participant would go into the laboratory to do it ITc was to iccord 
the results. This was a classical way by winch we had lcaint. 

Then wc tried a different method, We did not give any in¬ 
structions as to what should be done, except to pose the general prob¬ 
lem For example, here is a candle. You know its composition. 
Find out the heat of combustion, Or, hcie is an acid or here is a 
base Neutralize them Find out how much heat is provided and 
so on. When they had conducted the experiments, the results were 
tabulated and revealed extraordinary conclusions. Certain charac¬ 
teristic euois were made. The study revealed very significant rea¬ 
sons as to why these errors occurred The new method of experi¬ 
ment is comparably supcnoi to the old classical method. 

But the major question still remains. The majority of the parti¬ 
cipants are frustrated. They say, ‘Wc have learnt so much here. 
What will wc do when we go back? We will be a chop of water in 
the ocean We will not be allowed to teach these things? The 
syllabi are rigid Wc will have to change them.” 

Since we are all agreed upon the main object from which there 
is no deviation, the only question to which we should apply our¬ 
selves is what shall we do in the immediate future and how shall we 

*Dr, H. J, Arnikai is Professor and Head of the Department of Chemistry, University of 
Poona, Poonq, 
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proceed aboul it Shall wc upgrade all standards in general? The 
teaching of science or for that matter any subject cannot be widely 
diffeient from one problem to another Tlrcic is no reason why 
syllabi should vary widely from state to state There can be a central 
body to formulate syllabi, taking into consideration all the factors and 
then to enforce such a syllabi in all the slaLcs In my view this is 
one essential thing that must be done. 

Secondly, there is a piocess of weeding out. In the opinion of 
most of us what is important is the approach to science—it is the 
method and not the content that is important. Once we train the 
mind along with scientific lines—performing experiments, observing, 
drawing conclusions, advancing the theory, testing its corrections by 
further experiments, it is immaterial what pailicular experiments are 
conducted and what specific content areas are covered It is not pos¬ 
sible to have everything that science lias been giving from the begin¬ 
ning of its development Wc have to weed out much that is less 
impoitant so that time and 100 m may be found to incorporate modern 
concepts. As a chemistry teacher myself I cannot remember all the 
92 elements and all propoitions and properties and combinations, It 
is a useless load on the mind. So it is essential to weed out of the 
course a judicious and large number of less important things. For 
example, in these new chemistry materials you will find that the 
treatment is totally different even from the first page and you get 
introduced into electronic concepts and periodic classifications and 
so on, eaily. 

These are the ideas which the Indian hoy misses in the jiresent 
set up So it is imperative to change the syllabi I may mention 
that the Maharashtra Secondary School Board has a very progressive 
and favourable approach towards this matter We had a lengthy 
discussion with the Chairman of the Board and they are seriously con¬ 
sidering how to bring about some change. Let us, therefore, apply 
ourselves in a concrete w'ay to woik out what we shall do, how we 
shall do it and wluil is immediate; that is, what must be done at the 
moment. 

Second in importance only to the revision of syllabi is to modify 
the method of examination. In our method we usually have a short 
question paper of 3 hours duiation and the students give an answer 
paper of 30 pages. In the new method on the contrary, the question 
paper is about 10 to 12 pages and the answer is just a slip of paper; 
the assessment is early, more accurate and precise. 
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In oui evaluation, ll .1 student gels 60 per ecul lie is first class 
If lie gets SO per cent, lie misses it No cxaiiunci could he so accu¬ 
rate Thercfme, the piesent examination s\ stein must he modified 
introducing dnect methods of evaluation 
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GENERAL SCIENCE 
SEMINARS 

ft. N, RAl* 

Most rrmi graduate lead in s of suniLc have specialised in 
mathematics, |)li\su's ami dienusln m dmmsln, hnlam and /oo¬ 
logy Those wh n li*iu* lilan Mir plnsiul science gunip aie often 
weak m biolog; and sue \us,i Bui Mir (kncml Science Syllabus 
which thev hau 1 to teach in I he seumdrm school js a composite course 
containing elements n| ph\sus chemisii\ and malheiniitics as >\cll 
•as bolam /oologs. gu>log\ ashonmm and olhei mtci-disciplinaiv 
sciences ll has, Ihcreloie. been I omul in actual experience that 
these teachus aie somewhat madeejuale In handle general science in 
tlic integral id v\a\ m vvlucli il should he dealt with 

It was, Iliac fore, decided to oigam/e m-sciviec training pro¬ 
grammes fm science Leachcis to strengthen them in those aieas in 
winch (hev aie deficient Pining this uni as a pilot project wc de¬ 
eded lo oigam/e two seimuais one . 1 1 Pclii.i Dun foi the northern 
region and anolliei .it lluleiahad lot I he soul hem legion Out of 
200 applicants 1 ceased 60 participants vveie lor Delua Dun and 70 
_ oi [lydciabacl, but aelnalb 4^ allended .it Delmi Dun mid SO at 
Hvdciabacl. 

Each Institute was in the charge of a Dnccioi who was assisted 
dv fi\e other tcacheis to deal with various areas ot science The Hyder- 
lbacl Seminar was ariangcd al the Vnekvaidhini College, where we 
ml the advantage of tcacheis m geology and astronomy drawn from 
he Osmauui Universih The participants were also taken to Osma- 
11 a Obscnatmv for experiments 111 astiononn At Dclna Dun, the 
ieminai was oiganr/ed at D A V College and we chew most of the 
acuity from this College except for two teachers m astronomy who 
vere invited from the Rimijas College, Delhi 

The nun mug sessions were devoted to lcctmcs, and the after- 
loons to practical work All the tcacheis had taken mathematics, 
diysics and dicmistiy and were deficient m biology. So 7 we or- 
;amzcd a Luge minibci ot lectures in biology and astioaomy and a 
ew lectures in physics and chcimsin F Eminent scientists* were in¬ 
cited to give lectures and in addition, film shows were organized 

Dr. R. N Rui is Head of the Department ot Science Educations National Council nf 
Educational Research & Training, New Delhi 
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The seminars ran for a period of four weeks, but the participants 
felt that this period was not long enough The possibility of making 
the seminars during ensuing years of a longer duration, say about six 
to eight weeks is being considered Although biology students polled 
have done physics up to the intcimediate stage, they still need a 
little moic knowledge of physics in order to understand many of the 
new developments in the subject. IL is, therefore, planned to intro¬ 
duce more lectures on physics in the next set of seminars. The same 
need was not felt in the case of chemistry 

We are of the view that these seminars will certainly improve 
the teachers whatever may have been their quality previously. 

A systematic evaluation of the result of the seminars and the 
benefit derived by the participants is necessary to find out how far 
they have been able to transmit their experience to their students. 
This assessment will also indicate the depth and extent of courses in 
the respective areas of physical and biological science that the teachers 
require to make them proficient to handle general science. It would 
be desirable and appropriate to ensure a bigger coverage of teachers 
so that more teachers are given this proficiency in handling general 
science. 



CURRENT REVOLUTION 
IN SCIENCE 
AND SCIENCE EDUCATION 

D S KOTMARI 

This momma's discussion has underscored three points—one 
that if science is done badly, it is vvoisc than useless Good science 
dispels supciriition, but a science taught badly not only degenerates 
into supcistition, but inal.es a negative contubuhon to education, 
Therefore, if science has to be done at all, no matter at what levels 
it has to be done well Secondly, to learn science is to do science. 
Thcic is no oilier way of learning science. This leads us to the ex¬ 
perimental method The concept of experiment which is basic to 
science is a sophisticated concept It is intimately connected with 
the idea of having a conception of the scheme into which the experi¬ 
ment must ultimately fit, so that the student learns sconce by the 
concept of experiment This must he learnt at the beginning of the 
study of science, even at the school stage. 

Make a Beginning in a Small Way 

How aie we to tackle this colossal task? We are concerned with 
a vast population of students. Our rcsouiccs are meagre, Our 
teachers aie very few m number and only a small piopoition of them 
are competent But iL is important that we make a good start, how¬ 
ever modest it may be; in time it will gather its own moinenlum and 
the stream will enlarge into a reasonable dimension In order to 
make such a start, it is necessary that some schools m tire country, 
carefully selected, should be allowed the freedom to .experiment with 
this new way of learning science that is, by doing it, This is a point 
with which educational secretaries and educational administrators 
arc very much concerned. The diicctors of summei institutes and 
othcis have also made the same suggestion of releasing a small number 
of selected schools from the rigidity of the present system of exa¬ 
mination. These schools could be affiliated to the Central Board 
under the Ministry of Education. After a few years more schools 
would come under this piogrammc and at some stage, there is bound 
to be n transformation m the entire syllabus and the examination 
system 
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Such a beginning is important because, we cannot tackle the 
pioblcm m its entirety. The only way to tackle it is to lcduce it to 
bits and to take up part by part and the whole process will work in 
a sort of chain leaction. 

Scientific progress is very rapid 

Now why are we concerned at all with this problem of science 
education? Why is every country in the world, whether it is U S A 
or U I(, or U.S S R concerned at present with what may be called the 
revolution m the teaching of science? First, things connected with 
science directly 01 indirectly have been doubling during the last 10 
to 15 years—the number of scientific journals, the number of scien¬ 
tist, even the number of road accidents depend upon the number of 
cars on the roads and this is connected with the progress of science 
and industry—all have doubled. 

At the beginning of the 17th century, there were only a few 
scientific journals, now their number is one hundred thousand At 
the close of the present century, the number may be one million 
Science is progressing at a very rapid pace, doubling itself, over¬ 
shadowing everything else. The march of science has been very 
rapid as compared to the progress in every other field and in a sense 
other areas are stationary in comparison with scientific progress 
Science has now become a large scale business. 

i !, j ICothan 

The Nature of Science 

For India, from the educational point of view, it is very impor¬ 
tant that the teaching and learning of science should somehow or 
other keep pace with this terrific march of science This is possible 
only by having almost a revolution in our way of teaching and learn¬ 
ing science In fact, so far our learning in science has been basically 
the same as it was a few centuries ago, and we have been learn¬ 
ing it hi the same way as we have been learning any othci subject in¬ 
cluding the classics. Now this has to change. Learning science 
must now be intimately connected with the broad nature of science 
and two points are particularly relevant heie. One is that even at 
the elementary stage while learning science, the child must become 
aware that he is participating m a creative process. In fact, the great 
merit of science lies in the fact that it makes participation in creative 
work available to a large number of people It is a democratized crea¬ 
tivity and this is a very cultural contribution of science Second¬ 
ly, while dealing with science, one becomes aware that one is dealing 
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with a giowing subject. This is a subject where if ten questions are 
answered anotliei bundled questions crop up foi which answers have 
to be found. This is a big thing, it must lie reflected even in the ele¬ 
mentary school books and much more so m the high school books 
It is important that people should know that science is not a closed 
chapter and that evciy thing lias not been necessary, that there are 
many questions unanswered and m fact, some of the basic questions 
which arc still unanswered, arc so simple and fundamental m their 
nature that even school students can be made aware of them. 

Another aspect of science is that it gives a means of controlling 
nature In othci words it give man some confidence that it is within 
his power to alter and improve at least his material condition This 
is something which is of great importance for developing countries 
It gives them confidence and progress. The very concept of progress 
lies in the awareness that man by his effort can alter his own condi¬ 
tion and improve his lot This is relatively a new concept generated 
by science and this concept should, therefore, be given the widest pos¬ 
sible difusion in a country like ours, where industrial and scientific ac¬ 
tivity is on the march. 

A Revolution Needed in the Teaching of Science 

To tackle this crucial problem of providing good science educa¬ 
tion, we should begin on the small scale. Even to achieve this coope¬ 
ration between all the elements concerned, cooperation is necessary be¬ 
tween schools, between universities, between education departments 
and government and so on VVc cannot rest satisfied with a little 
marginal improvement here and there in the textbooks or in the me¬ 
thods of teaching, what we want is a scientific revolution This re¬ 
volution has to conic and in fact has already come on us And to bring 
about this revolution needs great courage Let me mention just one 
example Before I had an occasion to go through the PSSC Physics 
book and had an opportunity to discuss it with various persons in 
India and in the States, I had not realised what a revolution had come 
about in the teaching of science. As was pointed out by an earlier 
speaker, many topics on sound and other familiar things, which one 
usually finds in the ordinary books on physics, did not find a place 
here The reason is this, when any special topic is described, the 
first question that is asked is: Why do we want to describe it? 
What will the student learn, by it 7 If it will help him to do science 
and to think scientifically, it must certainly find a place. But if it is 
merely meant to describe some process, some experiment, some me- 
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thod which is only of transitory importance, then let us not load him 
with it. Most things which arc dcscubcd at the student level are no 
longci in opcution anymoic, and in any ease would become out of 
date in about ten ycais So the emphasis must be on teaching the 
fundamentals of science, on teaching science as a living and glowing 
subject and not as a dead one Tlicic is lot of dead wood m science 
textbooks and this has to go out to enable science being described as 
a growing and living thing 

Concept of Equipments 

The new texLbook emphasizes the concept of experiments and 
therefore, gives importance to the laboratory To do efficient scienti¬ 
fic teaching docs not necessarily need expensive laboratory. Expen¬ 
sive laboratory and inefficient science teaching generally go together. 
Good science teaching and good science learning consist m accuracy, 
in trying to understand that within limitations even the crudest of 
equipment can be used to advantage This is fai bcttci than using 
first rate equipment in a thud late way. It deliberate thinking is 
given at the time of prcpaung the textbooks and the experiments 
to be done by students, there is no doubt whatsoever that we can af¬ 
ford the laboratory equipment required. A laigc number of experi¬ 
ments can be done with much less equipment Ilian one at first sight 
would think possible So much can be learnt from simple everyday 
things piovided one has learnt how to ask the light questions, to learn 
science by the only way of learning it, namely, by doing it 

Good Textbooks Vital to Good Science Teaching 

If that be the approach, one needs vciy little equipment to learn 
science properly. It may be simplest and the cheapest. But what 
is required is light kind of books and teachers trained in the light me¬ 
thod of teaching science These are the three elements—/good stu¬ 
dents,/good teacheis,/and good textbooks All the tlnee aie very im¬ 
portant and perhaps the most important is good textbooks, because 
with a good textbooks at least good students have a chance to learn and 
it is impossible to gel good teachers for all Aflci all the number of 
good teachcis in any countiy is always vciy few Most of the teachers 
aie of average quality and tins makes good textbooks extremely im¬ 
portant. 

Cooperation between schools and universities essential 

It is also very important to bridge the gap between the schools 
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and the universities In fact, this is connected with the point of co¬ 
operation which I mentioned cailicr. The kind of revolution which 
we want to bring ribouL can he though research by teachers m the 
universities and experienced teachers in schools They should get to¬ 
gether and produce textbooks, there should be a number of alterna¬ 
tive textbooks Some schools may select one and others may select 
another. Textbooks should he wriLten by a joint team of top men, 
as has been done with gieat piofit in U.S A, We can apply this to our 
own country and set up joint teams of specialists actively engaged in 
research and teachers who have contact with the young students and 
who know by experience the best way of bunging knowledge of young 
minds. 

Effect Utilization of lime Basic to Good Science Teaching 

Another important point related to this subject is that we should 
make good use of the time allotted to a given course The question 
of how much time we give to a course, whether two, three or four 
years, is also important, but it is relatively less important than making 
the best use of the time that is given to it. At present, in most pla¬ 
ces in our country, a student’s time is very ineffectively utilized and if 
this is so, there is no point in lengthening the duration of the course 
which only means that we arc wasting 3 or 4 years of the student’s life 
So the first and foremost thing is to make the best use of whatever 
time that is allotted. In other words, we must do everything pos¬ 
sible to improve the teaching of the subject. 

An Operational Approach 

And this brings me to the final point which was also the start¬ 
ing point In order that we may start tackling this problem in right 
earnest, we have to adopt what may be called the operational ap¬ 
proach, namely take the first step on the right lines, then the other 
steps will follow in general reaction, because we are dealing with 
science and it is in the very nature of science that it gathers its own 
momentum. So wc have to think of some machmeiy whereby 
some schools caiefully selected could be freed from the ngidity 
of the present examination system. If we cannot do that, we can¬ 
not experiment, we cannot improve 

We must begin with a few schools, because if we have a large 
number of schools in the first effort, our small resources would get 
dissipated over too wide a field and the results may he too meagre and 
unsatisfactory, and may lesult in what we want to achieve. Wien 



138 


CONFERENCE OF EDUCATION SECRETARIES 


the effort proves a success in a small number of schools and the tea¬ 
chers have been trained, it can then be extended to a large number 
of schools. In order to do this we have to introduce, in our educa¬ 
tional system, some way by which flexibility can be achieved, where 
it may be possible to experiment with new methods of learning and 
doing science, There might also be committees in the states con¬ 
sisting of people from the education department, teachers from the 
universities and from the schools which would supervise program¬ 
mes of this hind and also keep in touch with what is happening in 
other parts of the country and in the National Council of Educa¬ 
tional Research and Training It would be good to issue a newslet¬ 
ter to desenbe the various activities in this field. Even a teacher in a 
remote school, if he has some good idea or if he has thought of some 
good experiments which can be improvised by simple apparatus, will 
have an opportunity to bring his ideas and successes to the notice of 
a wider circle of interested persons through such a newsletter 
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Following Dr Kothari’s address, the Education Secretaries dis¬ 
cussed the idea of having a few schools liberated from the restrictions 
of curriculum and examination. The discussions and suggestions 
made at this meeting are summarised below- 

1. During the first stage at least 10 schools could be selected 
in each state for mtioducmg the new approach This would give 
to start with, about 100-150 schools 

2 There should not be any difficulty in working out the 
scheme. All that is needed is for the Boards of Education to formu¬ 
late a suitable system of examination for the experienced schools 
allowing for the required flexibility, Teachers will also have to be 
oriented to the new project. 

3 The experimental stage will be about 3 to 5 years starting 
from the 9th standard and increasing gradually year by year. By the 
end of 5 years two to three groups of students would have gone 
through the new project and this would give sufficient data for 
evaluation. 

4 The project has two aspects—use of the new scientific mate¬ 
rial and the problems of examination reform. At the same time, we 
have also to have a research organisation which will check on the 
results achieved and make an objective assessment of results. 

5 The project will have to be linked with the university 
courses The students passing out through the new methods will 
have to find entry into universities and professional courses, and 
should not be exposed to difficulty. It will, therefore, be necessary 
to see that this experiment _is accepted by everyone concerned. 

6. It will be necessary to devise the necessary syllabus for the 
new experimental programmes and have it examined by the boards 
before being introduced in the experimental schools 

7. The new project should be kept under the State Education 
Boards, the new syllabus being treated as an alternative to the tradi¬ 
tional one. If any state finds any practical difficulties in carrying out 
the experiments, the central agency should help them out. 
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TEXTS, REFERENCE BOOKS, EQUIPMENT AND FILMS 
USED IN SUMMER INSTITUTES 
AND HOW TO PROCURE THEM 

PSSC PHYSICS PUBLICATIONS AND MATERIALS 
Distributors 

PSSC Teachers Guide acid Resource Book DC. Heath & Company 285 Colombus 
PSSC Student Laboratory Manual Avenue Boston 1G, Massachusetts and 

Double day-Poian, New York. 

Science Study Scries Wesleyan University Press, Inc Columbus, Ohio 

Crystals and Crystal Growing 

The Neutron Story 

Magnets 

Soap Bubbles 

Echoes of Bats and Men 

How Old is the Earth? 

Waves and the Ear 
The Birth of a New Physics 
Horns, Strings and Harmony 
The Restless Atom 
Michclson & the Speed of Light 
The Universe at Large 
Pasteur and Modern Science 
The Watershed 
Accelerators 

Water, the Mirror of Science 
The Nature of Villent Storms 
Near Zero 
Shape and Flow 
Gravity 

Life in the Universe 
Rader Observes the Weather 
Nerves and Muscles 
The Physics of Television 

Physics Pilm9 

Time and Clocks 
Short Time Intervals 
Measuring Large Distances 
Measuring Short Distances 
Measurement 
Change of Scale 
Straight Line Kinematics 
Vectors 

Vector Kinematics 


Modern Learning Aids, 3 East 
54th Stieet, New York 22, N.Y, 
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Definite and Multiple Emporiums 

Elements, Compounds and MixtuiLiis (in colour) 

Crystals 

Behavior of Gases 

Introduction to Optus fin colour) 

Piessum ot Light 

Speed of Light 

Sound, Waves m Air 

Forces 

Ineitiu 

Inertial Mass 

Free Fall and Projective Motion 

Deflecting Forces 

Periodic Motion 

Frames of Reference 

Univcrb.il Gravitation 

Elliptical Orbits 

Energy and Work 

Mechanical Energy and Thermal Energy 

Conservation of Eneigy 

Coulomb's Law 

Miilikaii Experiment 

Coloumb's Force Constant 

Electric Fields 

Electrical Lines of Force 

Counting Electrical Charges in Motion 

A Magnet Laboratory 

Electrons in ft Uniform Magnetic Field 

Photo-Electric Ellect 

Photons 

0431—Electrical Potential Energy (Part 1) 

0432—EJcctiical Potential Energy (Part 2) 

Matter and Waves 
A Million in One 
E.M.F, 

Collision of Hard Sphere 

Elastic Collision and Stored Energy 

Elementary Charges and Transfer of Kinetic Energy 

Rutherford Atom 

Franck-Iiertz Experiment 

Muss of the Electron 

Electromagnetic Waves 

Interference of Photons 

Long Time Intervals 


Macalaster Scientific Corporation 
Educational Division 253 Nor¬ 
folk Street, Cambridge 39, Mass. 


Kits of Equipment 
5000 ICit Assortment— 

A package price for the kits listed below $139.50 
100 2 Air Core Solenoids 
300 2 Centripetal Force Kits 
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400 2 Collision in Two Dimension Kits 
500 2 Cuirent Balance Kits 
600 2 Distance Mcasuiing Kits 
700 1 DosimeLei Adapter ICit 
800 1 Dynamics Kit 
900 1 Electroscope IGl 
1000 1 Electrostatics ICit 

1100 2 Helical Spring Kits 
1200 1 High Power Electrical Source Kit 
1400 2 Inertial Balance Kits 
1500 2 Flat Glass Plates Kit 
1600 2 Low Power Light Source 

1700 2 Mass of the Electron IGts 
1800 1 Molecular Layer Kit 
1900 2 Optics Kits 
2000 2 Optical Slits Kit 
2200 2 Recording Timer Kits 
2300 2 Refraction of Particles Kits 
2400 1 Ripple Tank Kit 
2500 1 Soda Straw Balance IGt 
2600 2 Spectra Kits 
2700 4 Hand Stioboscope Kits 
2900 2 Tangent Galvanometer Kits 
3100 1 Adjustable Phase Wave Generator 
3200 1 Wave Demonstrator Kit 

Optical Supplies including Defraction Grading Edmund Scientific Corpoiation 

Barrington, New Jersey 


BSCS BIOLOGY PUBLICATIONS AND MATERIALS 


Biological Education in American 
Secondary Schools 1890-1960 

Blue Version Biological Scienccj Mole¬ 
cules to Man—Text 

Blue Version Students Laboratory 
Manual 

Blue Version Teachers Guide for Text 
and Laboratory Manual 

Yellow Version Biological Science 

Yellow Veision Students Laboratory 
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Yellow Veision Teachers Guide for 
Text and Laboratory Manual 

Green Version BSCS Text 

Green Version Laboratory Manual 

Green Version Teachers Guide for 
Text and Laboratory Manual 


Distributors 

§ 4,75 American Institute of Biological 
Sciences 2000 F Street, N.W 
Washington 6, D C. 
Houghton Mifflin Company 2 
Park Street, 

Boston 7, Massachusetts 


Harcourt Brace & Co„ Inc 
750 Third Avenue, New York 
17, N.Y 


$ 5 40 Education Division 
§ L2Q Rand McNally & Company 
P.O. Box 7600 Chicago 80, 
Illinois 
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BSCS Biological Techniques Series—Films 

Bactcnologjc.il Techniques \ 

Culturing Slime Mold Plasmodium j 

Senctits Techniques Handling Diosnphiln \ 
Histological Techniques J 

Measuung Techniques ?; 

Ncuroyran Techniques { 

proper ChromaKfuaphy 

Removing Prog Pituitary j 

Smear and Squash Techniques j 

Weighing Techniques j 


Thome Films, 1229 
Avenue, Boulder, 


University 

Colorado 


EBF Biology Films Encyclopaedia Britanruca Films, 

Inc, 


What is Ecology? 1150 Wilmette Avenue, WiF 

The Community mette, Illinois 

Succession—From Sand Dune to Forest 

Distribution of Plants & Animals 

The Temperate Deciduous Purest 

The Grasslands 

The Desert 

The High Arctic I\ionic 
The Tropical Rain Forest 
The Cave Community 
The Sea 

plankton ami the Open Sea 

[lac ten a 

Fungi 

Simple Wants—The Algae 

Origin of Lend Plants—liverworts and Mosses 

Evolution of Vascular Plants—The Ferns 

Gymnospemis 

Angiosperms—The Flowering Plants 
The Growth of Plants 
Seed Germination 
Experiments in Photosynthesis 
The Single-Celled Animals—Protozoa 
The First Many-Celled Animals Sponges 
Stinging-Celled Animals’ Coelenterates 
Flaiworms ffliuyhelmmthcs) 

Parasitism (Parasiuc Fhtworim) 

Adaptive Radiation—The Mollusks 
The Jomied-Leg[»ed Animals—Arthropods 
Segmentation 1 'The Annelid Worms 
Social Insects; The Honeybee 
Echinodeims—Soa Squius and Their Relatives 
What is a Fish? 

The Fish Embryo' Fiona Fertilization to Hatching 
What is an Amphibian ? 

Amphibian Embryo—From Fertilization to Hatching 
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What is a Reptile? 

What is a Bird ? 

The Cluck Embryo From Primitive Streak to Hatching 
What is a Mammal? 

The Blood 

Fundamentals of the Mcivous System 
DNA' Molecule of Heredity 
Mitosis 

Mciosis, Sex Cell Formation 
Laws of Heredity 

CHEM CHEMISTRY PUBLICATIONS AND MATERIALS 


CBA Text—2 volume set 
Student’s Laboratory Guide 
Teacher’s Laboratory Guide 
Copies of Supplementary Readings far 
Chemical Bond Approach from 
Scientific American 

Copies of Supplementary Readings for 
Chemical Bond Approach from 
Journal of Chemical Education 

Set of Final Edition of CHEM Study 
Materials 

Text Book Chemistry An Experimental 
Science 

Laboratory Manual Chemistry An 
Expeumental Science 
Teachers Guide, Guide for Chemistry; 

An Experimental Science 
Program Instruction Pamphlet, Use of 
Exponential Notation and Use of the 
Slide Rule 

Laboratory Notebook 
Eyrmg and Eyring—Modern Chemical 
Nineties 

Kieffer—The Mole Concept in Chemis¬ 
try 

Moeller—The Chemistry of the Lan¬ 
thanides 

Overman—Basic Concept of Nuclear 
Chemistry 

Ryschkewitsch—Chemical Bonding 

and the Geometry of Molecules 
Staler—Chemistiy , m Non-Agueous 
Solvents 

Vandwert—Acids, Base and die 
Chemistry of the Covalut Bond 


Distributors 

S3.50 per set Chemical Bond 
Si 00 Approach Project, 

$7.00 Richmond, Indiana 

$435 

$2 00 Chemical Education 

Publication Company, 
20th & Northhampton 
St. Easton, Pennsylvania 

W H, Freeman & 
Company Cl I EM Study 
$5.80 GG0 Maikct Street, San 

Francisco 4, 

$LGQ California 

$7 00 each set 

$0 50 


Si oo 

$1.95 Rinehart & Company, 

Inc. 232 Madison 
Avenue, New York 
81-95 10, NY. 

Si 95 

$1.95 

§1 95 

$1,95 

$1*95 
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CULM Study Mlmt Modern Lemming Aids 

3 East 54 Sttect, 

Crystals rmd I Uni Sinicina. New Yoik 22 N.Y 

Methniivini ol nn OiiMiUt Reaction 
AuJ-Baso Indu.it'M 1 * 
liquiliLuium 

Molecul.u SpairuMujiy 

Ionisation IlmMgy 

Gasefi and I low Ihvv Combine 

Chemical l\ui]ihc«i 

Shapes and PoLujUls ol Molecules 

Catalysis 

Also Hi OtliLis ire marine completion 

SMSG MAIHKMA1ICS PUBLICATIONS AND MATERIALS 

Distnbuion A C. Vioman, Inc 367 South Pasadena 
Avenue Pasadena, California, USA 

Introduction to Secondary School Mathematics 


Volume I, To it fLSMR) 2 parts $2,00 

Vulumc I, Commcnuiry (CISI-IR) 2 parts $2 00 

Volume II, Text (JSIMR) 2 parb $2 00 

Volume II, Commentary (CISII-IR) 2 parti $2,00 

Junior High School Mathematics Units 

1, Number Systems, Text (U-l) $0.70 

1. Number Systems, Commentary (CU~1) $0.70 

2 Geometry, Tew ( U-2) $0.60 

2 Geometry, Commentary (GU-2) $0 60 

Intro duct km to Algebra 

Text (IA-Itt) 4 parts $2.50 

Commentary (CIA-IR) 4 parts $2 50 

Geometry with Coordinates 
Text (GW 1-3P) and Commentary 

(COW 1-3P) 6 volume set $6.00 

Geometry with Coordinates 

Text (GW-IK) 3 pacts H00 

Commentary (CGW-IR) 3 parts ?4.00 


Distributors: The L.W. Singer Company, Inc. 249- 
259 West Brie Boulevard Syracuse 2, 
New York 


New Mathematical Library Series 

1. Numbeis Rational and Irrational $0,90 

2 What is Calculus About > S°- 90 

3. An Introduction to Inequalities $ 0,90 

4. Geometric Inequalities $0.90 
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5. The Contest Pioblem Book §h-9l) 

G. The Lore of Large Numbers 

7. Uses of Infinity 50.90 

8. Geometric Transformations ^0.90 

set of eight titles 5? 20 per scl 


HOW TO GET MATERIALS 
Books Available in India 


PS SC Physics Text 


General Science Syllabus 
(Grades I-VIII) 


Rs 8,00 
R&, 2,00 
(Postage) 
Rs 2 25 
(Plus Postage) 


Chief Publication Officer 
National Council of Edu¬ 
cational Research and 
Training, 114 Sundernagar 
New Delhi-11 


UNESCO COUPONS 

If the participants or institutions desire Lo purchase any of these materials in the 
United States, they can directly place orders and get the supplies The Ministry of 
Education has devised a simple procedure for the procurement of educational books or 
materials under the UNESCO INTERNATIONAL COUPON SCHEME, 

The Education Ministry is functioning as a distributing agency under the UnCvSco 
International Coupon Scheme, and sells the Unesco Book Coupons. These Coupons arc 
released only for the Purchase of items specified in the Unesco Coupon leaflet and which 
are not ordinarily available in India. These coupons are sold at the rate of Ra 4,78 nP 
per Dollar. 

The intending applicants are required to inform the Ministry about their require¬ 
ments of Unesco Book Coupons alongwnh the details of items proposed to be purchased 
and who in turn consider the allotment of a quota of coupons to individuals or institutions 
The application should specifically indicate that die materials asked for arc not available 
in India The applications should be addressed to: 

The Section Officer, 

Indian National Commission for Unesco Secretariat, 

Ministry of Education, ‘E 5 Block, 

Dalhousie Road 
New Delhi-11 

On receipt of the application the Ministry considers the fixation of quota and when 
it is fixed they inform the applicant asking him to icmit the rupees equivalent to dollars 
worth of coupons allotted by a crossed draft drawn on a bank located in New Delhi and 
made out m the name of the UNESCO BOOK COUPON ACCOUNT, National and 
Grmdlays Bank Limited, Lloyds Bank, Parliament Street, New Delhi-1. On receipt of 
the amount, the Ministry sends the Unesco Book Coupons 

These coupons can be utilized only for the purpose for which these are issued. 
While making payments with these coupons the individuals are to see that only sufficient 
coupons ate sent which are exactly equivalent in amount to the value of the goods ordered 
plus postage and transportation charges, and a\e neither moie nor less in value 



ILXLSj KLRKENU, HOOKS, EQUIPMENT 


155 


The import of the materials puichased with Unesco Coupons can be carried 
out Lhiouqli noimal conimerei.il channels and the release of such materials, on arnval 
m India, will he allowed without an import licence. The scheme does not, however, offer 
immunity fiurn payment of and 01115 duty which may be payable under the rules in force 
at the time of import, 

WluU can be bought with Unesco Coupons? 

Book Coupons will buy 

Bonks, Periodicals, Photocopies, Microfilm copies, Art lcproductions, Charts, 
Globes, Maps, Filmstrips, Sheet music, Gramophone records Membership sub- 
scupLions to learned societies (provided that such subscriptions arc mainly a means 
of obtainin'’ the publications of the learned society in question). 

Jnlm Coupons will 6wv the following categories of educational, scientific and cultural 
films, 

Screening prints and duplicate prints. Original negatives and duplicate negatives. 
They can also be used to buy 16 mm, raw film for printing films. 

Coupons jin' Siwntifu. Matcual will buy the following categories of scientific material. 

1. Optical instruments, paits and microscope accessories 

2. Balances and weights 

2. I.abutatncy glassware, porcelain-ware and silica-ware 
4. Pleccrical measuring instruments 

5 Analytical and clinical testing apparatus 

6 Blowers, vacuum pumps, gauges 

7. Radio paits and accessories and electronic equipment 
H. Temporutuie measurement and constant temperature apparatus 
l J, Small workshop hand tools and machine tools for instructional and laboratory 
workshops 

10 Meteorological, surveying and engineering instruments 
11. Pure chemicals, culture media, photographic emulsions 
12 Maps, chaits, models, slides, etc. 

Suppliers who accept payment in Unesco Coupons in the United States 
of America and the Great Britain 

U.S.A, Orders for books may be sent to any publisher or bookseller or to Acme Code 
Company, 507 West 33rd Street, New York 1, N Y„ or to Unesco Publications 
Centre, 801 Third Avenue, New York 22, N.Y. 

Orders for films may be sent to any supplier, or to Film Council of America, 
000 Davis Street, Evanston, Illinois. 

Orders for scientific materials may be sent to any supplier. If a suitable 
supplier is not known write lo the Scientific Apparatus Makers Association of 
America (SAMA), 20 Noith Wackcr Drive, Chicago 6, Illinois, or to Unesco 
for suggestions. 

Great Orders for books may be sent to any publisher or bookseller, or to United 
Britain Nations Association, 25 Chailes Street, London, W.I. 
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Orders for films should he sent lo The UrilisU Film Institute, 164 Sluticsbuiy 
Avenue, London, W.C2 

Ordeis for filmstrips and other visual aid material (excepL une films) should 
be sent to Educational Foundation, for Visual Aids, 3d Queen Anne Street, 
London, W.l 

Orders for scientific materials may be sent to any supplici,ni to The Scientific 
Instrument Manufacturers 1 Association of Great Britain Limited (SIMA), 
20 Queen Anne Street, London, W L 
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EQUIPMENT, SPECIMENS AND CHEMICALS 


REQUIRED FOR BSCS YELLOW 
VERSION LABORATORY 

Page. 

Ex. r 

rvcru'iC 

GlnviWMC 

Chemicals 

Specimens 

No. 

No, 

etc 



21 

4 cells as sum by 

ra/ur blade 

dettol 

cork 


Hooke 

miutiscope 



25 

5 living plant cells 

lilter paper 

iodine solution 

onion 


(Onion) 

needle glass 

(staining) 




slide microscope 



29 

0 living plant cells 

Mill a scope 


Flowering 


(Ti .uhiiuntui 

gloss slide 1 


Tradcscantia 


stamen hairs) 




31 

7 living plant cells 

microscope 


Anacharis El- 


with (Uiloro- 

finger bowl 


odea) aquatic 

D _...L. nlnnt 


pluses 

33 8 varieties nf 

plaui eella 
(a) store cells. 


„ (b) wood cells 


34 (c) cotton fibres 


37 9 animal cells 


microscope 


slide & cover 
slip paper towel 
(filter paper), 
microscope 
Petri dish 
Cotton boll 
cellulose sponge 
toothpick 


phloioglucinol 

solution. 


Hydrella 

(1) nut shellsj 
cherry pita, or 
preach “stores 1 ’ 

(2) slides of stone 
cells. 

fine board, slide 
pine wood 


zinc-chloride cotton 
solutions iodine 
potassium^ 
iodide solution 
methylene blue 
stain physio¬ 
logical salt 
solution. 


(1) loose epi¬ 
dermal cells 
from inside of 
cheek, 

(2) Skin cells 

(3) blood cells 

(4) striated mus¬ 
cles. 

(5) Frog’s bucal 
cells, 

(6) sperm cells 
from testing 
frog- 


158 


APPENDICES 


Page 

No. 

Ex. 

No. 

Exeicise 

Glass waie 

etc. 

Chemical 

Specimens 

41 

10 

Living singlc- 

microscope fic- 

0 85% salt 

(1) pond water 



ccllcd organisms 

tuies of micro¬ 

solution 

(2) frog’s intes¬ 




organisms slides 


tine to get pro¬ 




& cnvci slips 


tozoans fiom 

their (Opalwa 
& Nvuothetus) 

51 

12 


Peln plate hav¬ 

aceticaenl 

eultuie of 




ing nutnent agar 


slime mold. 




Microscope nee¬ 


Physai w m poly - 




dle Bunsen bur¬ 
ner Glass rod. 


cep ha lum 

55 

13 

Diffusion thr¬ 

Bunsen burner 

80% glucose 




ough a mem¬ 

rubber bands 

solution soluble 




brane 

clinitest tablets 

starch Iodine 





or tes-tape. 3/8 

solution Bene¬ 





inch cellophane 
(2 pieces 8" 
long) 

2 bottles 

3 test tubes 
test-tube holder 

1 c.c, pipette. 

dicts solution. 


61 

14 

Activities of the 

Test-tubes 

Congo-rdc sol¬ 

See. suspen¬ 



Cell membrane 

test-tube racks 

ution 10% For¬ 

sion of yeast 




microscope 

malin 5%Nack 

cells (for each 
group) Spring 
of Aiiachaus. 

67 

16 

The detection of 

Microscope 

Iodine solution 

Potato Apple 



some specific 

slides Bunsen 

Benedicts solu¬ 

or other fruit 



compounds in 

burner Razor 

tion 




cells 

blade 



71 

17 

Conversion of 

6 test tubes (per 

1.0% starch 




polypacchandes 

student) cotton 

solution 2N H2 




to monobaccha- 

cloth water bath 

S04 2NNa OH4 




rides by acid 


Benedict's sol¬ 




hydrolysis 


ution (or Fell* 
ling’s solution A 
&B) 


75 

18 

Enzymes in 

(for 2 students) 

I-Iydiogen per¬ 

tissues: potato 



living tissues. 

2 test tubes 

oxide 

Fly^ worm, etc, 



(a) m various 

Test-tube holder 



tissues 

Beaker Funnel 



Bunsen burner fil¬ 
ter paper Mortar 
and pestle 


rqx-ir.MrNT, specimens and chemicals 
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Page Ex. 
No. No, 


Uxertise 


Glassware 

etc. 


Chemical Specimens 


79 


85 


91 


19 


20 


21 


(h)in corn grams 
(demnustmn/ 


Iw.vmu action 
nn a pro tom 


Factors influ¬ 
encing enzyme 
action 


An introduction 
to photosynthesis 
and respiration 
(a) Relations 
between photo¬ 
synthesis & res- 


4 pcintl ishes 
rajor bl.uic 


2 tc’.t tubes 
corks. 

No 1 Whatman 
Charm a to- 
garphy paper 
Scotch tape. 
Pipette 


Bunsen burner 


(For a team of 
5 students) 

7 test tubes 
2 test tube 
holders 

Test tube rack 
Funnel, Filter 
paper. Thermo¬ 
meter 500 c.c, 
beaker watch- 
glass, 1. c c. 
pipette, wax 
pencil, 10, c,c , 
graduated cy¬ 
linder 

(For a group of 
7) 

7 100 c.c. beakers 
7 15xl25mm.test 
tubes. Filter 
paper disk pa- 


•starch agar plain 
plain agnr 
Iodine solution 

Nmhydrin Sol- 
vent- butanoh 
acetic acid: eater 
(4:1:1). 

Tolu e nee. 


Iodine solution 
Benedicts or 
FeWing’s solu¬ 
tion, 

0.1N NaoH 
0 IN Hcl. 
Paraffin starch 
solution. Ice. 


Sugar solution. 
NaOH pellets 
Aluminium foil. 


soaked Corn 
grains 

soaked grains 
killed in FQAA 

Test I mixture 
hard boiled egg 
white (2 pieces 
of 2mm tube); 
10 c c. pine¬ 
apple Juice, 3 
drops tolune. 
Test II mixture 
Same as in I 
but pineapple 
juice boiled for 
3 to 5 minutes 
before use. 

Soda crackers 
or Saliva. 
Fehling’s solu¬ 
tion 


7 flies 

4 green, leafy 
7 cockroaches 
green, leafy 

shoots about 

75mm, long, 
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Page Ex 
No. No 


Exercise 


Glassware ,,, , 

Cli annuls 

LtC. 


Specimens 


pimtion per millimeter 

ruler, marking 
pencil 

Graduated cy¬ 
linder 100 c.c. 

(b) Effect of Drawing a 
light on 02 pro- graph 
duction during 

photosynthesis fDemon&tution) 

(c) Comparison 3 gas collection lime water (4 Applecider 

of aciobic & bottles (S ox,) liters) 1(100 c.c.) 

anaerobic res- 32 hole rubber Benedict’s or Active, dry 
piration stoppers Fehhng’s yeast, 

2 gallon jarx solution 

3 test-tubes Mineral oil 
test tube holder Methylene-blue 

1 c,c pipette solution 
Aquarium a cut or Bromothymol- 

2 glass tubings blue solution 

8” long. 1 litre of tvatcr 

3 bent glass acidified with 

tubes 10 c, c. 

2 small funnels cone, Hcl 

3 rubber tubing 
(foot long) 

Burner, 500 c.c. 
graduated cylin¬ 
der 2200 c c 
cylinders, spatula, 

2 pieces alumi¬ 
nium foil. Flask 
brush. 


109 

22 Cell division 

Microscope 

Methylene-blue 

Yeast (Wet or 


(a) cell multi¬ 

Wide-mouthed 

stain 

dry) 


plication uni¬ 
cellular 

bottle 


Molasses 


organisms 
(b) Cell division 
in multicellular 
organisms 

microscope 


onion root 

113 

23 Mitosis in plant 

microscope 

Aceto-carmine 

Trackscantia 


End animal cells. 

razor blade For¬ 

solution 

flaver buds 


(a) Smears of 

ceps dissecting 




developing 

needle slide & 




Tradsscantta 

cover slips 




pollen 

Millimetre ruler 
paper towel 




i 


rqriPAirNi, spicimins and chfmicais 
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l'\ l 1 ci lisi (31 i'i 7 wuc Chemicali Specimens 

N«i. eic. 


Hi) NutliMi and 

imcioscnpe 

prepared slide 

t.ell division in 


of onion loot 

ouum root lips 


tip, slide ot 

{ c) Sine Us nt 


^Bcamoj white 

onion root tips 


fish eggs 

d) An mi d cells 
m mitosis 

mil os cop,' 


li.uly expei intents 7 flasks 6250 c c ) Sealing wax a j 

500 cc, nutrient 

in spontaneous 

glass tube (7-3 paraffin 

broth oi beef 

gcnei; it ion 

mm diam) 

C-shaped glass 
tube S-shaped 
glass tube 5 cmk 
stoppers for 

Masks 

3 stoppers with 
holes 

bouillon 

A guulen of 

1 'liter paper. 

Rotting fruits 

mitto-r organisms 

Ten 12-14 

(mange, tomato 


inch glass finger 

etc ) 


bowls oi plastic 

Grapes, moldy 


Lon tamers Glass 

bread, pond. 


marking pencil 

lake, river water 


Glass covers for 

with decaying 


finger bowls 

material 


microscope adhe¬ 

Cottage cheese 


sive tape 

Hay 5 Hiied 
beans. Rich 

soil 20 gms. 
peppercorns 
Squash or 

Pumpkin corn¬ 
starch 

Miuoscopic 

Scotch tape 5 

(oi potato dexLrose 

appeiuance ul 

petn dishes 

agar) 

molds 

Sabourand’s 



(Sterile) 

Glycerin oj 


Stereomicro- 

30% alcohol 


scope medium 

Culture of 


wax or paraffin 

micro-organisms 


Bunsen burner 

Fron exercise 


Thermometer 

Balance. Filter 
paper 

number 26, 
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Page 

No. 


149 


153 


159 


171 


175 


Ex 

No. 


23 


29 


30 


31 


32 


Exercise 

Glass waLG Chemicals 

etc 

Specimens 

Microscopic 

AAicroscopc Congo-red stain 

Feimenting 

appeal ance of 

Active dry yeast 

apple cidar 

yeasts 

(cake) completed Crushed gra- 


yeast (package) 

pcs Pepper- 


Mcthylenc-blue 

corn infusion 


stain, 

(a few days old) 

Microscopic 

Glass tumbler Crystal-violet 


appeal ance of 

Paper towel, stain 


bacteria 

Compound mic¬ 
roscope with oil 
immersion objec¬ 
tive 

Immersion oil, 
slides & cover 
slips, 


How to get pure 

Culturing micro 

400 c c. nutrl- 

cultures of 

organisms, 

ent agar or 

micro-organisms 

(For a group of 

beez bouillon 


10 students 2 

agar, Soil sus- 


wiic test-tube 

pension (1 gm 


baskets, water 

garden soil 


bath 2 to 5 

in 5 c c. water) 


bacteriological 

Hay infu- 


loops 1 litre 

sion, Mixed 


flask. 40 test- 

suspension of 


tubes-100x18 mm 

jE.se/jejzc/ni3 coh 


25 petn plates 

and Sar cma 


500 c.c gradua- 

lutm pepper 


ted cylinder 5 

water Stagnant 


100 cc pipettes, 

pond water, 

The distribution of micro organisms 


Air-borne 

10 sterile petn 

10 tubes with 

microbes 

dishes walei bath 

150 c c sterile 
nutrient agar, 
One tube agar 
nutucnt. 

Microbial im- 

Roll of scotch 


prints 

tape wide, 1 


(a) For transfer 

sterile petri 


ftchmqut 

dish water bath 

Thermometer 
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Page, 

lac. 

Exercise 

Glass ware 

Chemicals 

Specimens 

No. 

No. 


eft 





(b) J'tii 1 contact 

1 lIimh petri 


2 plastic jelly 



rfisA fn SiMi/im 

diih, ( i-cmk 


dishes 40 c.c. 




»,topper, billet 


nutrient agar in 




papei iubhi r 
cement fpLisie- 
cencj warn 1 m th. 
ThcimonuMcr. 


flask. 

1S1 

33 

Intimate micro¬ 

Tnmli pick 

Crystal violet 




bes 

Microscope with 
(jilimmcisiun 
objective Immer¬ 
sion oil. 

stain. 


105 

33 

GtowitiR micro¬ 

I sterile petii 


1 tube sugar 



bes fuim slun 

dish 1 sterile 


nutrient agar, 



and saliva 

cotton swab 

Slide & covei- 
shps. 



189 


Microbial "fall 

12 stciile petn 


Moldy fm it j 



out M 

dishes 


vegetable or 




l 12-inch linger 


bread, 12 tubes 




bowl 


sugar nutrient 




(For 3 students) 


agar. 

193 

35 

Microbial dis¬ 

3 .stcnic petn 


3 tubes of 



tributor's 

dishes Water 


nutrient agar 




bath. Thermo¬ 


one small bottle 




meter 


with house fly 
or cockroach. 
Hay infusion 
or broth cul¬ 
ture of S arc via 
lutea . 

197 

36 

Microbial tracers 

(For 8 students) 


(1) 8 tubes- 




8 sterile petri 


nutrient agar 




dishes. 


(2) 7 pieces 
hard candy. 


dipped in water 
to make them 
sticky, m sepa¬ 
rate dishes. 
(3) one piece 
of hard candy, 
immersed in a 
culture of 
yellow pigmen¬ 
ted bacteria 
inVclish. 
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APPENDICES 


Page 

Ex 

Exercise 

Glass ware 

Chemicals 

Specimens 

No 

No 


etc 



203 

37 

Effects of tem- 

12 sterile plugged 


Raw skim milk 



peiatuie on 

tcsL tubes 


(m pasieuri/cd 



micro-oigamsms, 



skim milk to 
which l n ,„buttcr 
has been added) 

207 

38 

Oxygen and 

2 stenle-nutri- 


(1) Broth cul- 



growth of micio- 

ent agar 


ture of the bac- 



bes 

(Sabourand’s) 


tenum Senti a 




slants, one in a 


manescens. 




screw-cap test 


(2) Sporula- 




tube on viai, or 


ting mold from 




in a test tube 
with tight-fitting 
rubber stopper 
The other tube 
should have a 
cotton plug. 


cxemre, 26. 

211 

39 

Effects of otha- 

35 test-tubes 

300 c c of lucose 

Broth cultures 



Unity and aci¬ 

150 X 18mm. 

(or suciose) 

of bacteria, 



dity on micro¬ 

Hydnon paper 

nutrient broth 

yeast & mold 



organisms 

(pH paper) 

400 c.c. nutrient 





Test tube 

broth 0. IN Hcl 





lacks 

0 IN Nao H 5 


217 

40 

Effects of pH re¬ 

20 slcrile petri 

lubes of nutrient 

Nutrient broth 



action on sterili¬ 

dishes. 

broth. pH 3, Q, 

cultuie of 



zation by heat. 


5 0,7 0,9 0,11 0 

Sentia niacce- 





20 tubes nu- 
tnent agar. 


221 

41 

Water content 

12 test tubes 

4 , 

Ficsli & dned 



and microbial 

Plugging cotton 


apples, peaches. 



growth. 



apricots, beans, 
peas or raisins 

223 

42 

Food preserva¬ 

Sterile test 

Spices Sodium 

Ground beef 



tives & micro¬ 

tubes Graduated 

benzeaLc Sugar 

Milk 



organisms 

cylinder 

Salt 


225 

43 

Effect of Chemi¬ 

Stculc cotLon 

4 chemical solu¬ 

One nutrient 



cals on microor¬ 

swabs Sterile 

tions such as 

agar petn 



ganisms. 

test tubes 

clorox, lysoh 

plate for 2 stu¬ 




Tubes of steri¬ 

Phenol, iodine, 

dents. 




le water. 

Zcphman Clove 



oil. Mcrthiolate, 
4 mouth wastes 
such as iistcrine, 
lavoris, Cepacol 
Astnngasol 
Hydrogen 
peroxide., Micrin, 
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I-a lAcru’te GlJbs \UTii Chemicals Specimens 

No, <^tc. 


A1 EfkU-. of ami- 
bintKs on 

hat urn 


45 Digestion ol StcnJc petn 
IoolIs by micro- dishei 
bcji hi) Starch 

digestion, 


(b) protein Pcm plates. 

digestion 


Ann biotic 

Bioth cultures 

dibits such m 

of Slaphyhco- 

pcmcihn, 

aw albus 

and 

Streptomycin, 

/Ac/ifii ichia 

coh. 

auieomycm. 

Nutrient 

agar 

lerramycin 

plates 


Dilute iodine 

400 c,c, ! 

jlcule 

solution (1 parL 

nutrient 

agar 

Gram’s iodine to 

containing 0 2% 

8 parts water) 

starch. 

Hay 


infusion 

yeast 


suspension few 
grams of dry 
yeast in water 
with enough 

syrup to colour 
Mold suspen¬ 

sion Skim milk 
Hay infusion 

oi U. Subulis 
Tubes of nutri¬ 
ent agar. 


46 Fermentation of 
sugaib by yeast 
unci bacteria 


47 Nodule-forming 
bacteria 

Pan A, 

Pan B 


30 puiliam 
Fermentation 
tubes 5 l.c.c, 


2 dissecting 
needles micros¬ 
cope 

(1) 5 inch flower 
pots with sau¬ 
cers (2) Washed 
sand (3) Teat 
tube 


Nutrient biotli 
with 1° 0 glucose 
(300 c.c) 300 
c,c bromthymol 
blue 0 04% 
solution in alco¬ 
hol Nutrient 
bioth with 1% 
lactose 


India Ink or 

Methylene 

blue. 

(1) Zonitc or 
other fungicide 
(1 ■ 10 dilution) 

(2) Distilled 
water, 


(1) Yeast sus¬ 
pension or few 
grains of dry 
yeast (2) Bioth 
culLiue of bac¬ 
teria (. Escheri¬ 

chia coll} 
staphylococcus 
albus or soil- 
suspension may 
be used). 

(1) Legume 
plants 

(1) Commercial 

(2) Rhizobutm 
inoculum Le¬ 
gume seeds. 

(3) Nodules 
from roots of 
legumes (4) 
Nitrogen free 
nutrient 
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APPENDICES 


page Ex Glass wme 

No, No Exercise etc Chemicals Specimens 

Pai t B (nitci - (1) 4 steulc test- Distilled water (2) N-free agar 

native) tubes (,2) Commercial 

Rfuzobium 

(3) Legume se¬ 
eds 

(4) Nodules 
Irorn roots of 
legume, 

(For 2 students) 

247 48 Mici (..organisms 2 sterile petn 2 tubes of 1 Molding 

and mlceuous dishes Sabourands me- fiuit. 

disease 3 fmgei bowls drum or potato- 2. Perfect 

3 glass coveis dextiosc agar fruits, 

wutei bath 70% alcohol 

Thermometer Household 

500 c c. beaker disinfectant 

perforated cook- (eg Chlorox) 
ing spoon. 

255 49 Microhial anta- (1) Balance (l 7 or 2 students) (1) soil sample, 

gonism oi anti- (2) Weighting (1) tube with 

hiosis papers 10 c c. water 

(a) Detecting (3) Water baih (2) tubes ol 

antibiosis in a (4) Gas burnci glucose agar 

mixed soil (5) Thermo- (3) 2 glucosc- 

population by meter agar slants, 

the “crowded 1 c c pipette 

plate*’ tech- (7) 2 sterile 

mque petn dishes 

(B) Antibiosis (1) 2 sterile 2 tubes of glu- (1) Agar slant 

with puie cul- petn dishes, cose agar Culture of soil 

tures of the (2) Water bath antibiotic (from 

giant colony- (3) Gas burner. Part A) 

streak plate (4) Thermo- (2) Agar-slant 

technique, meter culture of an 

acdnomycete 
(.Sri epromyces 
gTisens ) 

(3) Broth cul¬ 
tures of test 
organisms 
(1-2 days old) 

(a) Bacillus sub - 
tills 

(b) Eschciichia 
colt , 

(c) Adicracoccus 
flavus, 

(d) Senatia sp. 
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Page. 

Ho. 


V'i 

No, 


E .erase 


Glass ware 
etc. 


Chemicals Specimens 


203 

hi) Hacterul popu¬ 

4 leu tubes for 

Mcthylcnc-blue 

Old and fresh 


lations in milk 

t\kh ream of 

solution 1 30j 

samples of raw 



students) 

or Methylene- 

and pasteurized 



wutei bath 

blue thiocyanate 
tablets, 

milk 



(Pur 2 students) 



26 l l 

51 Tcsimn watci 

(1) 1 small bottle 

(1) 5 tubes of 



for pulLuui in 

fiStcuh/ed by 

nutrient agar. 




boiling) 

15 cc. 




(2) 5 sterile 

(2) 4 tubes 




petri dishes 

1% lactose agar 




(3) 2 sterile 

(or 2 lactose 




1 c.c pipettes 

broth fermen¬ 




(4) Water bath 

(5) Thermo¬ 

tation tubes). 




meter 



6,3.1 

0.3 Variety in the 

(1) Stereorm- 

(1) Stock 

(1) Green Hy- 


Animal king¬ 
dom Ilydra and 
planana 


6.4.1 


0.1 


A scans and 
Earthworm 


6,5.1 


0,5 Cray tish and 
Grasshopper 


ooscopc 

(2) Watch glas¬ 
ses 

(3) lied or 
black wax 
pencil 

(4) Directing 
needle 

(5) Prepared 
slides of Hydra 
and planana 

(1) Hand lens 

(2) Stcreomi- 

croscopc 

(3) Pencil 

(4) Dissecting 
tools 

(5) Pins 

(6) Pen flash 
light 

(7) Camel’s hair 
brush 

(A) Watch glass 

(1) Dish 

(2) Dropper 

(3) Stcteomi- 

croscope 

(4) Dissecting 
needles 


acquaria water 


dr a 

(2) Planana. 

(3) Protozoan 
culture small 
or crustaccanii 

(4) Raw liver 


(1) Vinegar 
10% Hcl. 

(2) Water 


(1) Reserved 
Ascaris 

(2) Live earth¬ 
worms 


(1) Cleat water 

(2) Ink 


(1) Gras shop ers 
(immature and 
adult) 

(2) Cray fishes 
(live and pre¬ 
served) 
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Page Ex Exercise Glass waie Chemicals 

No No etc, 


6,6 1 6 6 


A compai alive 
smdy of multi¬ 
cellular animals 
The Frog and 
the raL 


(1) Box 

(2) Pen Hash 
light 


6.7 1 6 7 Nematodes in (1) 1 Glass fun- 

soil from our ncl 

own gardens (2) Rubber Lube 

(3) Clamp or 
stop cock 

(4) PlasLic bag. 

(5) 1 Microscope 

(6) Clean micro¬ 
scope slides, 

(7) cover glas¬ 
ses 


7 1.1 7.1 

7.2 1 7.2 

7.4.1 7,4 

7.5 1 7.5 


7 6 1 7.6 

7.7 1 7.7 


Diversity of 
plants Scoie 
caid foi com¬ 
parison of 2 oi 
more kinds of 
plants 
A field and 
Laboratory 
study of varia¬ 
tion m plants 
Spirogyra and 
oedogonmms 
Two filamen¬ 
tous algae 
Comparison of 
a fungus and a 
lichen 


Mosses and 
Liver worts 
Ferns and Hors 
starts 


Slides and cover 
glasses Micro¬ 
scope 

Glass slides 
Forceps, 

Probes and ne¬ 
edles Terra¬ 
rium or laLge 
mouth jars 
Stress and com¬ 
pound micio- 
scopes 


Foui flower pots 
Four clay sau¬ 
cers white paper 
Four pieces of 


Iodine solution 
Indian ink cul- 
tuic media 
(optional) 
Glycciol 


(1) Kroop’s 
solution 
(Mg So 4 -0 259 
Ca(No 3) a -1.00 


Specimens 


(1) Frog’s (hvc 
and picserved) 

(2) Rats (Live 
and preserved) 

(3) Fiog; skele¬ 
ton 

(4) Rat skeleton 
(1) Scottie tis¬ 
sues (or other 
tissues that do 
not disintegrate 
rapidly when 
wet) 


Selected native 
plants 


Various forms 
of seleded plan 
groups 

Cultures oi 
spirogyra and 
oedogemum 

Mushrooms and 
lichens 


Fern plants with 
spore cases. 
Horse tail plants 
with spore bodies 
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D 

No. N 


7,(U 


8.1.1 
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I:\rui ,l* 

CtIigs ware 

Chemicals 

Specimens 


etc 




sofr dothes lme 

KH.IV0.25 



ropts 2*') cm. Lung koH) 12B. 



A jtkiss diile lor 

Fed., (i,0 r ! (l bol) 



eiuh prison. 

1(1 diops. Dis¬ 



rover hlips 

tilled water 



Petn dnh pci 

1000 ml) 



person. Com¬ 

(2) Potassium 



pound ol Store- 

permanganat 



ouuuoseope 

(KMMo 4 )0 01% 

hill. 

(3) 20g. agar 

(4) small cand¬ 
les 

(5) 500 ml. of 
iterilc distilled 




water 


'l he Reproduc¬ 

(1) Stcrcomi- 

(l) Acctocar- 

(1) Pine bran¬ 

tive life history 

eruscopc 

mine 

ches with cores 

ot the pine 

(2) Compound 
microscope 

(3) Slides 

(4) Cover slips 

(5) Forceps 

(6) Teaming 
needles 

(7) Dropper 

(8) Bunsen 
burner 

(y) Prepared 
slides 

(2) Water 


G cue tics. 

(l) 4 culture 



Heredity and 

(Petri dishes or 



environment 

finger bowls) 
(2) Filter paper 
or blotting 




paper cut to fit 
bottom of dis¬ 




hes. 

(3) 2 covers for 
dishes opaque 
(cut down milk 
cartons, tin cans 
or raid board 
boxes) which 
should fit smoo¬ 
thly against the 
table top 
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APPENDICES 


Page 

Ex 

Ex ei use 

Glass ware 

Chemicals 

Specimens 

No. 

No, 


etc 




6 2,1 8.2 Mitosis (1) Pipc-cicaners 

ol two colours 

(2) Bends pierc¬ 
ed to accom¬ 
modate 2 pipe 
cleaners 

(3) Scissors or 

(4) Poppit 
beads (about 40) 
of 2 colours 

(5) Floialwircor 
soft metal tape 

(1) Pyrex watch (1) Acctocar- Onion sets or 

glasses mine stain bulbs, 

(2) Glass bea- (2) Colchicine 
kcra 

(3) Paper towels 

(4) Compound 
microscope 

(5) Glass slide 
and cover slip 

(6) Razor blade 

(7) Bunsen 
burner 

(8) Ring stand 
and ring damp 

8.6,1 8.6 Distinguishing (1) binocular 

of $ and 9 Dro- stereoscopic 
Bophila adults microscope or a 

good hand lens, 

(2) An ethenaer 

(3) A small 
tapered water 
colour brush or 
a bent tip dis¬ 
secting needle 

4. A plate such 
as a while plastic 
square of bath¬ 
room tile (10 cm 
or 4 inches 
square) or a piece 
of porcelain glass 
(a piece of plain 
glass with a 


8.4 1 8 4 The induction 

of polyploidy in 
plant cells 
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p P g e p Al hx;n.isL Glus wre Chemicals Specimens 

No. No ctu 


while card 

laurelled under- 
nemli will also 
wi\ c C5)A 

moiginc 


8,7 A uiv.s between (!) Glass miuh- 
2 different gene- ing pencils or 
uc strains of "Labolon” (a 

Drosophila type of slick-on 

tape, with a 
coloured border 
and white cen¬ 
tre which can 
be written on 
with a pencil) 

(2) Two cul¬ 
tures vials for 
each team of 2 
students 

(3) Equipments 
used in pre¬ 
vious exp ior 
handling and 
examining 
Drosophila 


8,7.7 


8.7 The results of 
ciobungihe F 
individuals 


(1) Culture bot¬ 
tles of vials con¬ 
taining F x genera¬ 
tion flics 

(2) Two fresh 
culture bottles 
or vials for each 
team of 2 

(3) Same equip¬ 
ment as previous 
exercise 


8 * 8,1 8.8 


The teat cross 


(1) Two fresh 
culture vessais 
for each team 

(2) Same equip¬ 
ment as pre¬ 
vious exercise 


(1) Cultures of 
2 different 
stocks of Droso¬ 
phila about 
14 days old, 


(1) A vial of 
virgin showing 
the wild type 
phenotype and 
possibly carrying 
some marked 
recessive gene. 

(2) A culture of 
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Page 

No. 


8.9 1 


8 10.1 


8 . 11.1 


8.13 1 


Ex Exercise Glass waie Chemicals Specimens 

No etc. 





flies showing 

a tiait determin¬ 
ed by a reces¬ 
sive gene (such 
as dumpy ebony 
or repia) 

8 9 

Independent 

Two fresh cul¬ 

(1) Virgin of 


inheritance 

tures vials or 

one type and 



battles for the 

of the ap¬ 



initial cross two 

propriate type 



more for the 

one of the fol¬ 



cross of F. flies 

lowing 



Other equipment 

(a) Dumpy 



as in the pregoing 

virgin and ebony 



exercises 

(b) Ebony vir¬ 




gin and dumpy 
(c) Dumpy 




ebony virgin 
and wild type 
(d) wild type 
virgin and 

dumpy ebony 
males, 

8,10 

Linkage and 

4 fresh culture 

(1) Stock cul¬ 


crossing over 

vials or bottles 

tures of (a) wild 



for each team. 

type (X) 



Other equipment 

(b) Sepia spine- 



as in the pre¬ 

dlers or black 



going exercises 

vertigial 

(c) Sepia non- 
spindcrs or non 
black vertigial 

(d) Non-sepia 

spineders or 

non-black vcr- 
tigial 

8 11 

Sex-linkage 

4 fresh cultures 

Drosophila 


inheritance 

vials or bottles. 

stocks of wild 



Othor equipment 

type and white 



as in the forego¬ 
ing experiments 

eye colour 

8.13 

Neurospora 

(1) Sterile agar 50% solution of 

(10 Culture of 


The procedure 

slants of 4 ‘complete Commercial 

Neurospora Ci- 
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Pilgii 

Nit 


8 . 14,1 


8.15 1 


Ex. 

No, 


8,14 


Exeicisc 

Glass waic Chemicals 

etc. 

Specimens' 

used by gene- 

Neurospoia Puics or cloiose 

assa wild type. 

tists lor cioss- 

medium 

strain “A” 

mg strains 

(a) 1 Laige 

(2) Culture of 


(2,5 * 17.5cm)tube 

Neuiospora 


(b) 8 small tubes 

crassa albino 


16 small (2 X 

8 cm) tubes (far 
part IV) 

(2) Very thin 

glass leasing 

needles 

(3) Petti plate 
of plain agar 4% 

type strain “A" 

Neurospora 


1 . Five tubes 

Detecting 


of sterile 

nutritionally 


“minimal” 

deficient strains 


Neurospora 


8 15 


Neurospora: 
Demonstrating 
the nature of 
Nutritional de¬ 
ficiency m a 
mutant, 


(1) 5 sterile tubes (l) Commercial 
of minimal thiamine 
medium (liquid) cublets 100 mg. 

(2) One tube of (2) 2 % yeast 
sterile water medicine 
medicine drop- extract solution 
pers 


medium for 
each group of 
3 or 4 students 

2 Five tubes 
of sterile agar 
slants of “com¬ 
plete” Ncu- 
rospora me¬ 
dium 

3 A culture of 
wild type Neu- 
rospora crassa 

4 Cultures of 
three known 
biochemically 
deficient strains 
of Neurospora 
crassa 

(1) Culture of 
Neurospora cr¬ 
assa wild 
* type, 

2 Culture of 
N, Crassa 
Thiamine defi¬ 
cient mutant , 
3. Three sterile 
agar slants 
of complete 
medium 
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Page 

No. 

Ex 

No- 

Exeicise 

Glass ware 

etc. 

Chemicals 

Specimens 

8 15,7 

8.16 

General differen¬ 

(1) Two small 

(1) 1 disk of 

(1) Pens of the 



ces m peas 

bottles 

glucose agar 

genetic atta¬ 




(2) Microslides 

(2) 300 ml dis¬ 

ins 'hound and 




(3) Razor blade 

tilled water 

wrinkled” 




or scalpel 

(3) Iodine solu¬ 





(4) Compound 

tion lor starch 





microscope 

tests 



(5) Mortar and 
Pestle 

(6) Two 250 ml. 
beakers 

(7) 2 medicine 
droppers 

(8) Balance 



APPENDIX D 

PARTICIPANTS 


List of Names and Addresses of Participants who attended the 

Institutes 1903 


Name and Address 
Andhra Pradesh 

1, Barnabas, Miss Ess ic a 
Methodist Boys School 
Hyderabad 

2, Kamulakantham, T. S. 

Town Government Modern High School 
Kurnool 

3, Khandelwnl, Shynm Naraynn 
Secunderabad Hindi Vidyalaya 
Secunderabad 

4, Pillai, D Yelumalai 

S, V Higher Secondary School 
Tnupati 

5, Sarnia, N S. Ramakrishna 

Gandhiji Municipal Higher Secondary School 
Vijaywada 

6, Subba Rao, D 

Government Multipurpose High School 
Mahboobnagar 

7, Subramanyam, T, B, V 
Senioi Master 
Hyderabad Public School 
Begumpet, Hyderabad 

8, Vcnkatarauiam, V. 

Assistant Master 

Government Multipurpose High School 
Mahboobnagar 

9, Virginia, Miss Rajah 
Stare Girls High School 

(jURtur 


Summer Science 


Institute 


Biology 


Physics 


Mathematics 


Chcmi9try 


Mathematics 


Chemistry 


Physics 


Physics 


Biology 
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Assam 

1 Barman, Upendra Nath Mathematics 

Government Higher Secondary School 

Dhubu 

2 Das, Mrs Hcmprabha Biology 

South Amolapethy 

P,0 Rehab an 
Dibrugarh 

3 Goswami, S. Biology 

P 0 Gauripur 

Nareswar Tal 

4 Roy 3 Rabi Bhushan Physics 

Government Highei Secondary School 

Silchar 


Bihar 

1 Dubey^ S K. Biology 

Holding No 23 

Near Southern Gate of Chemistry Department 

Patna Science College Compound 

PaLna 

2, Jha, Ganesh Physics 

Sarvodaya Multipurpose School 
P,0. Kankc 
Ranchi 

3 Pathak, Ram Paras Mathematics 

R R Higher Secondary School 

P,0 Surajpura 
Dist, Shahabad 

4 Sharma, Madhusudan Mathematics 

Government Multipurpose School 

Turki 

Muzaffarpur 

5. Singh, Narsingh Prasatl Physics 

Government Multipurpose School 

Turki 

Muzaffarpur 

6 . Sinha, ICameshwar P Chemistry 

Patna City Multipurpose School 

Patna 



pakucipanis 
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Biology 

7 r i i'n'7i i„ r 

{ ,, pr I' Miil'hop-nlhyay 

S.mlpur Ki-ul 

IMin.i 

Mathematics 

8 Wr.ii. 1 * ( mull MnnL,u 1 i‘Jvm 

fin 1 *, MahipuipubC Zilla School 

IUmjiRi ;h 

Chemistry 

ij Y.ul, Molumm.ui 

l^wnmv nt S.irunbya Multipurpose School 
1 url.i, Mu/aUarpur 


Delhi 

1 Ajtarwil, Rohtndi Kuraur 
21 ;D Roup Nagac 
Delhi 


2 


AnanJ, K, K. 

Gnveimncnl Boys Ilighet Secondary 

Rivjp Dagur 

Delhi 


School 


\ NluriuUvaim lVna S°n ar 

S S,K, Duh Higher Secondary School 

Darya Gauj 
Delhi 

4, Bohan, Mis,s Katharine Lee 
St Thomas. School 
Reading Knud 

Dew Delhi 

5. Deo,Vyns 

5212 , Kolhapur Road 
Sub/a Mandi 
Delhi 


6, Dmsund'iram, Mrs, S. 
St. Thomas School 
Reading Rond 
Dew Delhi 


7, 


Dhiri, Dharam Pal 
M.C Higher Secondary School 
Rouse Avenue 
New Delhi 


Biology 


Physics 


Physics 


Biology 


Physics 


Mathematics 


physics 
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R. Pndlaw, II N S. Physics 

Goveniui-iir Iluys Highei SLCnndniy School IV 
Sarojuu Mi^iU 
New DlIIu 

9 . Gupl 1 , Ahlmi Ram Physics 

121 New Rajendia Nagar 

New Delhi 

10, Guptu, Vijay Kumar Physics 

Government. Highei Secondary School 

Meh lira uli 

13. Jain, Ah hay Kumar Mathematics 

Government Gills Higher Secondary School 
Roup Nagar 
Delia- 

12 Mathur, Miss I-Ciisum Biology 

Government Girls Highei Secondary School 
Roop Nagar 
Delhi 

13. Mohta, R K. Biology 

Satdar PuLd Vniyalavn 
I urli Esl.uc 
New DlIIu 

14 P'lthik Tag Dev Gupta MaihemiUici 

Ramias Highei Scumdaiy School No. 5 
Kuol Bagh 
New Delhi 

15. Pnttabnam, Mrs, ICnlpngam lliulogy 

Madras Education Higher Secondary School 

Lodi Estate 
New Delhi 

16, Rntnam, Ved Physics 

M C Higher Secondary School 

Rouse Avenue 
New Ddln 

L7, Sharma, Miss Santosh Chemistry 

Goveiumenr Guls Higher Secondary School 
Jama Mw.jid 
DlIIu 

18. Singh, B. P. 

3315, ICueha Jalal Bukhari 
Darya Ganj 
Delhi 


Biology 
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19, l.mihiri, R, L. 

R 2 1, P iul N,iR«\r 
NVa J >lUu 

20, 1 unwai, Uudh Sini'h 

iiu' r ‘ iii.i)’ m Hoys Iliylia Secondary School 
SIi.i hii N \*\m 
lull n 

21* Uprcli, Hepm f lnndrsi 

Ciiis. rmnont Buys Higher Secondary School 
K ilfom 
Nevv Della 

Gujarat 

1. Annn> Mahesh 

UnivtTsily IiJk.pt. School 

JJaruda 

2 An jar M, M T. 

C/n Mi I H. Anjaria 
Neiii Jubilee Gardena 
Opposite l 1 ,1M 
Rajkot 

3. Dalai, G, A. 

She ill 0 N, Vidyalaya 
Ah mu Ja bad 

4. IOnsiud, J C. 

N, M Nootan Scwa Vidyalaya 

Vjsnafiar 

5 1 Fflrckhj Miss Vasil R, 

3 f ) Government Society 
Ahmedabad 

6. Patel, L N, 

N. M Nootan Scwa Vidyalaya 
Visnagar 

7. rmliiih, Chandra Prasad R. 

Principal 

SwiiMik Ilish School 

P.inkwriwUa 

Ahmedabad 

8. Smaria, N. 

Shrcc Vidyanagar High School 

Usmanpura 

Ahmedabad 


Biology 


Physics 


Physics 


Chemistry 


Physics 


Mathematics 


Chemistry 


Biology 


Physics 


Ph\sic5 


Biology 
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Kerala 

1 > Ammaj Mrs. Thankamnni 
RS S Model High School 
Peiunnai 
Changanachcriy 

2 . Das, V. ICumaia 

Kanjiramkulam High Schoo' 

Nellickakuzlu 

Neyyattmkara 

3 Kailasam, M. S, 

MNKM Secondary School 
Chitalanchery 

4. Marykutty 3 Miss K, C 
Clanst Convent 
Bharanunganam 

5. Marykutty 3 Miss M Joseph 

S, H G Higher Secondary School 
Bharananganam 

6 . Nayar 5 K, Kmhnnn 
Science Assisumc 
High School 
Parassnla 

7. Pillaij T K. Ramaknslina 
Teachei oi Biology and Chemistry 
High School 

Punalur 

B k Filial, Sudharan 
Model School 
Trivandrum 

0. Rajaratnam, P IC. 

Government High School 
Peringottukara 

9. Thampi, S. Prabhakaran 

T. C. 652 Kumcand 
Manacand 
Trivandrum-9 

10 , Vadivelu 3 P, 

Gopalapuram Boys School 
Gopalapmam 


Biology 


Biology 


Chemistry 


Biology 


Biology 


Physics 


Biology 


Chemistry 


Mathematics 


Biology 


Biology 
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Madhya 1 *uul^h 
] FMn.^tr, S N 

IOCLUrU 

Mullipiupose llmlwi iiMindaiy School 
Plumum 

2 Pilin' Vi 11. K . . 

MjIi udjwad.i Mulnpuiptw Higher Secondary School 

U])Jin 


3 Government Hamulia Hoys Higher Secondary School 
Bhopal 

4 Kdlra, IdRiin Nath 

(jorHu Higher Secondary School 
Lashkur (Gwalmr) 


5 Kapshc, V, K 

Lecturer f ^ , , 

Government Hoyt, Higher Secondary School 

Rajgaih 


Ci. 


Kawudkar, N. K. 
Lokim.myu Tilal 


- Highci Secondary Multipurpose 


Chanda 


School 


7, 


Khan, M. M. 

Government I Ilghei Secondary School 
DongaLgarh 


r Moluhwalcj C. N, 
‘ Delian leer 1 & Bada 1 
Tilaknagar 
Bilaspur 


9. 


Nandekatj G. S. . t 

Government Girls Higher Secondary School 

Sarala 

Ujjain 


10 , Kliwnjiij Nasiruddm 
Secondary School 
Ichhawar 




purwalj Laxrm Narain 
Maharajwada Multipurpose 


Higher Secondary School 


Ujjam 


Physics 


Biology 


Mathematics 


Mathematics 


Physics 


Mathematics 


Physics 


Biology 


Mathematics 


Chemistry 


Mathematics 
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12 Rann,K S 

Government Higher Secondary School 

Hu Sarai 

DiaUict Guna 

Chcmisuy 

13 Rasrogi, V S. 

08/U South T T, Nagar 
lUioxjal 

Biology 

14, Sachan, M L, 

Government Higher Secondly School 

Snonj 

Chemistry 

15. Suvas rava, N K, 

Government Hamidia Boys Higher Secondary School 

Bhopal 

Biology 

16 Telling S R 

Higher Secondary School 

Sector VII 

Bhilai 

Chemistry 

17 Thakurj M. S, 

Lcctuici 

Government Multipurpose Higher Secondary School 

Balaghat 

Pliy&ica 

Madras 


1, Bhashyakaracharyulu, S. K. 

MR.MP School 

Vizianagiam 

Chemistry 

'fe-OHiii, D Gopahknshnan 

Naval High School 

Cochin 

Chemistry 

3, Rajan, M S. Sri Ranga 

V M High School 

Boditiayakanuf 

District Madurai 

Mathematics 

4 Subramanian, K. 

Science Assistant 

Board High School 

ICadayanaitur 

Physics 

Maharashtra 


1, Band, Laxman Rnoji 

Iccturei 

Swavalambi College of Education 

Wardha 

Physic!! 
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?. r.ipjrjj.v 

I)i', man l <"iille »e of Fcliiutnin 

L>h*i],ipui 

а, rimuiihau, n. n 

Muni ,n\ liiirUlmi? 

Nr.ir Imm Uu'.piial 
Arm. win 

4. IVn, M M 

(dn Mi, Nuiuln Sin,ill 
II niiu \V,u)j GunlwaraRoad 
Rui ik'il 

5 IVMipamle, V. T. 

I earner 

Cimcinimni Multipuiposc High School 
Was lum 

б, l)r't,0 Y. 

'1 1 1 il (allege of Education 
Found 

7. (tIi.ii pnrcvj Mi,? S, Ih 

Hulutvik hamulu S, II, School 
(hrynun 
Iloml ay 

s\, CDiod 'li\ V i/mt 

Sim Sluvii]i S S. High $chool 
YcoLiiuil 

9. Gol h tip, S, S 

Mamku Gujauthi Muliipmpose High School 
Amuivati 

10. Gurj u, Miss D. G 

Government Guls Multipurpose Higher Secondary School 

AuoU 

11. Inamclar, P. L. 

Nucan VidyaLiya Multipurpose High School 
Sailu (Faibkuii) 

12. KupadehusP K. 

Main la Vulyalaya Higher Secondary School 
liulgaum 

13. Kelkar, C V, 

69 Shamwar Peth 
Satara 


Physics 


Physics 


Biology 


Physics 


Chemistry 


Chemistry 


Chemistry 


Chemistry 


Mathematics 


Chemistry 


Physics 


Physics 
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14. KclkiUj D. V CluiutMry 

Ginindrao High School 

Lhalkarnn)! 

15. Kulkainij D V. Mathematics 

Principal 

Raoviheb Rupchaud Vidyahya 
Jalguon 

16. Kullcami, V. V, Chemistry 

D.iyanamata Vidyalaya 

Sangamner 

17 Mehta, M F. Mathematics 

Govindas High School 

Ichalkaianji 

18 Auij S M. ChennsLiy 

Sliu Shiva)l S S High School 

YcoLmal 

19 SathayCj M, V. 

Vidya Mandir 
Brahmmpim 
Miraj, Stmgli 

Mysore 

1. Gcrshonij J. W, 

Pulliah Blocks 
Station 
Raichur 

2. Iyengaij B. C. Krishna Chemistry 

R B A V.M’s Higher Secondly School 

Bangalore 

3, Konen, D. N. Chemistry 

Malmaddi (Dharwar) 

4, Pnrantaij V. D. CliemUtiy 

V.DSTC High School 

Gadag 

5. Rnmachandra, C, S. Mathematics 

NuLhana Vidyalaya High School 

Gulbaiga 

6, RaOj K. Sreepada Physics 

Municipal High School 

B sllary 


Physics 


Biology 
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7 Sesh.uhu C: Mathematics. 

AlIi.il y.i l\uhshulu Higher Secondary School 
JlringuliMc 

H Vcnl?:ilumJill, K. Chemistry 

Shn KidiliifiimRii High School 
Tunikur 


Ortaaa 

L I*nkic Ghnnd Biology 

Higher Secondary School 
I\0. Larnmbho 
District Sambalpur 

2. Mnhapatra, Adikanda Chemistry 

Puri Zilu School 
Puri 

3 Mishr.i, Ilanhara Physics 

ICC, Higher Secondary School 
Cut tack 

4, Muhanti, Miss Bhavanti Chemistry 

Government Girls Higher Secondary School 

Pun 

5, Panda, Karuiukw Mathematic* 

Capital High School Unit III 

Bhubaneswar 
District Puii 


Punjab 

1, Kdthpalin, K. K. Mathematic* 

Government Higher Secondary School 
Rohtak 

2, Singh, Ilarbans 

C/o Government Higher Secondary School 
Garhshankar 
District Hosliiarpur 

3. Varma a G. S, 

8 Civil Line 
Delhi Road 
Rohtak 

4. Verma, Eal Krishna Chemistry 

Government Higher Secondary School 

Narnaul 


Biology 


Biology 



IP (5 Ai-pwinns 

Rajasthan 

1 AgmunhR L 

M P Highei Suomhry School 
Chutoirvnh 

2, Rliauiujj, 1\N. 

7 U Elm U 
GairMnagai 

3 Oiipuij M K. 

Government Multipurpose Higher Secondary School 
Deoil 

4. Guptn, llajcndia 

Government Multipurpose Higher Secondary School 
Ajmu 

5 Joshi, Urij Gupal 

Government Multipurpose Higher Secondary School 
Sn Ganganagar 

6 ICatmiya* S K, 

G.M.P Higher Secondary School 
Nalhdwnra 

7, ICutlucstha, Ehuvncbh Chandra 
Vitjanund Higher Secondary School 
Ajmer 

a, Singh, Shivnam 
Cta Mr. Han Singh 
General Hospital 
Bikaner 

9, Suiij Kuldecp Singh 
Government Multipurpose School 
Sn Ganganagai: 

10, Tikkiwal, Shanti Swaroop 

Government Javvahar Higher Secondary School 
Ajmer 

11, Vijay, Jagdish 

Government Multipurpose Higher Secondary School 

Nayapura 

Kota 

Uttar Pradesh 

1, Agrawah Anant Ram 
Assistant Master 
Government Inter College 
Saharanpur 


Chemistry 


llmlngy 


Chemistry 


MailiLjuauca 


Mnrhrmatics 


Chemistry 


Miuheinaius 


Jholngy 


CliinuMry 


iMsthunatirs 


Physics 


PI 1 ValCs 
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2 Banner ja, AmiilljaDhai 

Government Central Pedagogual lu&ttturc 
Allahabad 

T l)ava), Runcshwar 
As‘ti 4 .taiiL Master 
(jdvcrniuctit Inter College 
l\udi pa lh 

4, fiupi ij 11am Krishna 
11N V lntei (College 
Rath 

5 Gupta, S. C. 

Government Inter College 
Haslmaput (Mceiut) 

(), Gupta, Miss Sushma 
CPu Mr II K Gupta 
Superintending Engl icer (Irrigation) 
Agra 

7 KhaniUi Bnj Krishna 
Ass us tarn Master 
Government Inlet College 
Amro hit 

H ICulshioJilha, K S. 

(itivernmcnr Xntci College 
Eiah 

0, Kulshiestliaj P. S, 

Kishori Raman Intermediate College 
Mathura 

10 Meluiij D, P. 

Jwolapur Intel College 
Jwalapur 

11. Pan tie, M N. 

Government Inter College 
Jlvanbi 


12 Saxena, Kavindra Hath 
Government Inter College 
Mmadabad 

13, Sharma, Ravi Dutt 

Government Jubilee Inter College 
Lucknow 


MirluiiiiVncs 


Physics 


Chemistry 


Chemistry 


Biology 


Physics 


Biology 


Mathematics 


Mathematics 


Physics 


Mathematics 


Mathematics 
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14, Singly A4ahipal 

Assistant Master* 

Government Jubilee Inter College 

Lucknow 


Physics 

15. Snvastava 3 VMS, 

Assistant Master 

Govcinment Inter College 

Kanpur 


Biology 

West Bengal 



1. Banerjee, J S. 

South Point Higher School 

16 Mandeville Gardens 

Calcutta 


Physics 

2. Bhnttacharyaj Pramatha Nath 
tli) 11 High School 

Madnapur 


Physics 

3. Choudhury* A.C D, 

350/1 Prince Anwarshall Road 

Calcutta 


Biology 

4 Khannahj B P.S, 

146/12 Lake Gardena 

Calcutta 


Biology 

5. Mitra* Ashok Kumar 

Shri Ram Higher Secondary Multipurpose School 
Abinashpur 


Physics 

6 Mo dak* Hrishikesh Das 

Christian Collegiate (Higher Secondary and Multipurpose) School 
P.O. and Diat. Bankura 

Mathematics 

7, Royj Ehupesh 

South Pomt High School 

Calcutta 


Chemistry 

8 Singh 3 Ram S 

Hindi High School 

1 Morin St 

Calcutta 


Chemistry 

9. Sur 3 Mrs, Sandhya 

15-B, N,N. Ghosh Lane 

Tollyganj 

Calcutta 


Biology 



